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The law of color mixing was established by a great number of experi- 
ments made by physicists and physiologists. The law, however, deals with 
physical aspects of color rather than physiological mechanisms involved in 
color reception. Recently, the mechanism of color reception has been 
elucidated to some extent by morphological, biochemical and neurological 
studies. Among others, the method of single fibre analysis of the optic 
nerve established by Hartline’) and Granit*)®) seems to be most promising 
in this research field. No less serviceable is the method recently developed 
by the author*’®) to analyse the retinal processes underlying color recep- 
tion. The merit of this method is above all that it can be applied to hu- 


man subjects as well as to animals, 
In the present paper the effect of color mixing on the color processes 
in the human retina was investigated. 


Method. 


The electrical excitability of the eye was measured with the same 
method as described in the preceding papers,® taking an electrical phos- 
phene elicited by the electric stimulus, a constant current pulse of 100 msec. 
as the index. The eye generally becomes more sensitive to electrical 
stimulation, though temporarily, after exposure to light, and the time 
course of these excitability changes is characteristic of the wave-length of 
the light used for illumination. 

A characteristic curve for each kind of light or “‘ excitability curve ”’ is 
obtained by plotting percentage increases in electrical excitability above 
the resting level as ordinates against the time after the end of illumination 
as abscissae. The illumination was always two seconds in duration and 
restricted to the fovea centralis of the retina. 


Results. 
The time course of the excitability curve depends on the wave-length 
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of light, but scarcely on the intensity; for example, the excitability curve 
of normal man for yellow lights (580my) has a maximum at 1.5 seconds, 
while that for blue light (450 mz) has a maximum at about 3 seconds, as 
shown in (a) of Fig. 1. As the intensity of illumination is raised, the ex- 
citability curve increases in height, but remains unaltered with respect 
to the time to the maximum or crest time. 
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Fig. 1. Experiments of monocular color mixing. “‘ Summation’ 
curve: dotted. ‘“ Single ” curves: drawn in full. Ordinate: € or percentage 
increase in electrical excitability of the eye. Abscissa: time after the end 
of two seconds’ illumination of the eye. 


’ 


The dotted curve in the figure was obtained by illumination with a 
mixture of the same colors, yellow and blue that were used separately in 
the experiments stated above. The curve, therefore, represents the sum- 
mation of the effects of both colored lights. 

As the usual experiments of color matching show, the law of additivity 
holds for the stimulus values of the mixed colors, whereas the present ex- 
periment indicates that this law no longer holds for the physiological 
quantities as measured by our method; the ordinates of the summation 
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curve cannot be represented by the algebraic sum of the corresponding 
ordinates of the “‘ single”? curves. A similar relation can be seen in (b) 
of Fig. 1. In this example, red light (650 mz) and blue light (470 mz) 
were mixed, and such a summation curve as represented by a dotted curve 
was obtained. The single curves for both colored lights are also shown in 
the same figure. As can be seen from these examples, the summation 
curves are only slightly higher than the envelope of the single curves, and 
run almost parallel to it. 

Next, the effect of binocular color mixing was investigated. The 
illumination of the eyes was carried out in the following manner. Two 
differently colored patches were viewed binocularly through a stereoscope 
so that they were fused into a single image. The left eye was exposed to 
a red patch (680 my), while the right eye was exposed to a blue patch 
(470 mz). Such simultaneous illumination of the eyes caused a sensation 
of purple, though the quality of the color sensation sometimes fluctuated 
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Fig. 2. Experiments of binocular color mixing. The left eye was 
illuminated by red light (680 mp), while the right eye was exposed to blue 
light (470 mp). The curve connecting triangles in (a) represents the excita- 
bility curve taken from the left eye, and the curve connecting crosses thaj 
obtained from right eye. The curve (b) is a control showing the effect of 
monocular mixing of the same red and blue lights as used in the above ex- 
periments. 
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between more reddish purple and more bluish purple. The stimulating 
electrodes were placed in this series of experiments on the forehead slightly 
above the left eyebrow and on the homolateral temple to excite selectively 
the left eye. The data obtained with this arrangement of electrodes are 
illustrated as the curve connecting triangles in (a) of Fig. 2. As can be 
seen from this figure, the curve shows a maximum at one second, and can- 
not be distinguished from the excitability curve obtained by monocular 
illumination with red light. It is evident that, in spite of binocular fusion 
of red and blue light, the excitability curve taken from the left eye which 
was illuminated by the red light was scarcely affected by the simultaneous 
illumination of the right eye with the blue light. 

Having rearranged the electrodes, the right eye was, in turn, stimulated 
electrically, and the excitability curve marked by crosses in the same figure 
was obtained. It shows a conspicuous maximum at three seconds, cor- 
responding to the maximum of the curve for blue light. The much smaller 
elevation at one second has probably nothing to do with the simultaneous 
illumination of the other eye with red light, for such an accessory maximum 
can be observed on the usual excitability curve for blue or violet light which 
is capable of exciting the R component to a certain degree. This finding 
also indicates that the retinal process at an eye takes place independently 
of the process at the other eye. Conversely, these findings may be re- 
garded as evidence that our phenomenon is a retinal event, or at least a 
physiological event occurring at a lower level of the nervous system than 
that required for binocular fusion of colors. 

The curve represented in (b) of Fig.’] is the result of monocular mixing 
of the red light with the blue light, corroborating again that summation 
takes place in monocular mixing, though it fails in binocular mixing of 


colors. 


Discussion. 


As pointed out already, the summation curve in monocular mixing 
of colors cannot be represented by algebraic summation of the single curves. 
This is due to the circumstance that the physiological response to an ex- 
ternal stimulus is, in general, not proportional to the intensity of the 
stimulus as measured in physical units. Since the law of algebraic sum- 
mation holds for color stimuli, as warranted by the law of color mixing, it 
is natural that the same law does not apply to the physiological effects 
caused by color stimuli. Instead of this law, a logarithmic law holds for 
the plrysiological effects as measured in our ¢-units, percentage increases 
of electrical excitability after illumination; the maximum, value of ¢ in- 
creases linearly with the logarithms of intensities of illumination. As re- 
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ported by Motokawa and Suzuki,® the €-log intensity-relations for the 
three basic color processes indicate that the value of ¢ increases by 5 to 10 
on doubling the intensity of illumination. In the color mixing the stimulus 
value is not doubled, because different colors act on different receptors or 
color processes. It seems probable that peripheral summation takes place 
so long as the colors to be mixed involve one and the same receptor or pro- 
cess in the retina. If they had no receptor in common there would be no 
peripheral summation at all. This, however, does not imply that any sum- 
mation of the impulses initiated by different peripheral receptors would 
not occur anywhere at higher levels of the nervous system. 

As a matter of fact, the degree of summation was found to be relatively 
slight in the above experiments; the increase in ¢ of the sammation curve 
above the envelope of the single curves was only 5 at the highest. If we 
had used a mixture of colors less different in wave-lengths, summation 
would have been more marked, but the increase in ¢ could not be greater 
than 10, the maximum value obtainable in mixing equal quantities of one 
and the same color. 

This relation may be more easily understood, if it is analytically ex- 
plained in the following manner: It may be supposed that any light- 
stimulus can be analysed into three components r, g and b which elicit the 
R, G and B process respectively, and that, in mixing different colors, sum- 
mation takes place only between components of the same kind. Let the 
components of a color be 1;, g; and 5,, and those of another r,, g, and b,, 
so the stimulus values of the mixture of these colors would be r,-++r, for the 
R process, g,+-g, for the G process and b,+4, for the B process. From the 
logarithmic law stated above the three color processes elicited by these 
colors in separate application may be expressed in terms of stimulus values 
as follows: 

R,=n-+m log 1; (1) 
y=n'+m’ log g; (2) 
B,=n'"'+m"’ log b; (3) 
R,=n+mlogr, (4) 
Gy=n'+m' log g. (9) 
B,=n''+-m’’ log bz (6) 

where n, n’, n’’, m, m’ and m” are constant. Since the law of color mixing 

states that the stimulus values are additive, the three color processes elicited 

by the color mixture may be expressed as follows. 

Ry ,2=n-+m log (7; +12) (7) 
Gi+g=n'+m' log (gitg2) (8) 
By+g=n"' +m" log (b;+6,) (9) 

And the summation curve should be represented by the envelope of 











912 K. Motokawa 


the component curves as given by equations (7), (8) and (9). The increase 
of the summation curve above the envelope of the single curves which are 
given by equations (1) to (6) will be obtained by subtracting the magnitude 
of each process of the single curve from that of the summation curve; for 
example, the increase in the R_ process will be equal to the difference 
Ri4g—Ri=m{log(r, +1.) —log 1,}, if 7, >r2, or to the difference R,,,—R,= 
m{log(r,+1r,)—log r.}, if rz>1,, and these differences are always smaller 
than m log 2, as can be seen from a simple calculation. Since the value 
of m log 2 as determined by the experiment of Motokawa and Suzuki lies 
between 5 and 10, the increases in € caused by color mixing must always 
be smaller than this value, and this is actually the case, as shown in the 
above experiments. 


SUMMARY. 


The effect of color mixing on. the retinal color processes was studied. 
In the first place, the excitability curves for two monochromatic lights were 
determined separately, and then the summation curve for the mixture of 
the two colored lights. From these experiments it was found that the law 
of additive summation which holds for the usual color mixing experiments 
does not apply to the physiological effects caused by lights in the retina. 
The summation curves were found a little higher than the envelope of the 
single curves obtained in the separate application of the colors, but the 
shape of the curve was very similar to that of the envelope. 

Binocular mixing of colors had no influence upon the excitability 
curve; From the eye illuminated by red light was obtained an excitability 
curve which could not be distinguished from the excitability curve for red 
light, by whatever color the other eye might be illuminated simultaneously. 
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During the course of summation experiments represented in a preced- 
jng paper,’ it happened one day that the room was not completely dark, 
but was illuminated by faint green light. And, it was found, to my great 
surprise, that, in the presence of this faint green light, an excitability curve 
considerably deformed was obtained. This chance observation has led 
me to systematic investigations, the result of which will be reported in the 
following. 


Method. 


Since the method is described in my preceding papers*?*)) there seems 
to be no need to elaborate it again. In the present paper all the data 
obtained are represented in form of “‘ excitability curves.” In them the 
ordinates represent ¢-values or percentage increases in electrical excita- 
bility following two seconds’ illumination of the eye, and the abscissae the 
time in seconds after the end of illumination. The index for threshold 
determination was the slightest possible sensation of phosphene evoked by 
electrical stimulation, and the electrical excitability determined without 
pre-illumination was taken as control. 


Results. 


As shown in the previous papers cited above, the excitability curve for 
white light of normal man shows a single maximum at about two seconds 
(see the curve marked by empty triangles in Fig. 1). The excitability 
curve for white light taken from a deuteranope shows distinct two eleva- 
tions which correspond to the R and the B color process respectively, as 
shown by Motokawa and Suzuki.* 
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My chance observation mentioned above revealed that the excitability 
curve for white light of normal man showed two distinct elevations like the 
curve taken from a deuteranope, when the room was illuminated con- 
tinuously by faint green light. From the similarity to the curve obtained 
from the green-blind it was inferred that the continuous illumination with 
green light might have a selective inhibitory action upon the development 
of the G process which is considered absent in the deuteranope. It was 
also supposed that the phenomenon in question could be selective adapta- 
tion which had been utilized by Wright,» Walters,® Granit?) and others 
for analysis of the mechanism of color reception. But our phenomenon 
cannot be selective adaptation for the following reasons: 

The effect could no longer be seen when the continuous green light 
was removed at the end of the pre-illumination. To secure the effect, the 
green light had to continue until the test of electrical excitability was over, 
or at least until immediately before the delivery of the electric stimulus. 
It was also found that a flash of green light delivered some time after the 
end of the pre-illuminating white light, but some time before the onset of 
electrical stimulation had a similar inhibitory effect upon the excitability 
curve for white light. These findings cannot be explained on the basis 
of selective adaptation. The phenomenon must, therefore, be a kind of 
selective inhibition. 

Two examples are shown in Fig. 1. In these experiments inhibitory 
light was started immediately after the end of the pre-illuminating light 
and removed after the test of the excitability was over, as indicated diagram- 
matically in the insets of the figure. As can be seen in (a), the curve con- 
necting circles obtained in the presence of green inhibitory light consists 
of two elevations, of which the one has a crest time of one second and the 
other a crest time of three seconds. And, these crest times correspond to 
those of the excitability curves fér red light and for blue light respectively. 
The development of the G process must have been checked by the inhibitory 
light. 

A similar excitability curve having two maxima at one second and at 
three seconds can be obtained in normal man when purplish light is used 
as the pre-illuminating light without being followed by any inhibitory light. 
Our finding may, therefore, be expressed in such a manner that the effect 
of white light measured under the inhibitory action of green light is equiva- 
lent to the effect of purplish light, the complementary to the inhibitory light. 
A similar complementary relation can be perceived in the experiment shown 
in (b) of Fig. 1, in which yellow light was used as inhibitory light. The 
curve has a maximum at three seconds, corresponding to the excitability 
curve for blue light, the complementary to the inhibitory yellow light. 
This relationship is not difficult to understand if the mechanism of inhibi- 
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Fig. 1. (a) Inhibitory action of green light upon the excitability curve 
for white light obtained from the fovea of normal man. (b) Inhibitory ac- 
tion of yellow light. Shaded areas represent inlibitory effects. Procedure 
of experimentation is shown diagrammatically in the insets, where Wh re- 
presents pre-illuminating white light, S electrical stimulus of 100 msec. in 
duration and the shaded part the presence of inhibitory light of wave-length 
indicated by given figure. 


tion is understood in the following manner. 

White light excites the three components in the definite proportions. 
If the inhibitory light in any way withdraws some of the excited components 
from our observation the excitability curve will be determined by the 
remaining components. The components withdrawn by the action of in- 
hibitory light must, therefore, be in the complementary relation to the re- 
maining components. Since the curve obtained under the action of green 
inhibitory light consisted of the R and B processes, the inhibitory light must 
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have inhibited chiefly the G process which is complementary to the com- 
bination of the R and B processes. From this complementary relationship 
it is evident that green light which excites the G component when used as 
the pre-illuminating light, inhibits the same component G when used as 
the inhibitory light. Similarly yellow light which excites the R and G 
components when used as the pre-illuminating light, inhibits these two 
components when used as the inhibitory light, so that the excitability curve 
obtained under the inhibitory action of yellow light consists of the B com- 
ponent alone, as shown in the above experiment. 


ul rT tas 











Fig. 2. Selective inhibition of various colored lights upon the excita- 
bility curve for yellow light obtained at the fovea of normal man. Curves 
are drawn displaced up- omdownwards to avoid confusion of curves. 

A: Curve for yellow light without inhibition. B: Inhibited by yellowish 
green light (550 mis). C: Inhibited by green light (530 mp). D: Inhibited 
by violet light (430 mp). E: Inhibited by a mixture of red light (680 mp) 
and violet light (430 mp). 


In the following experiments, yellow light instead of white light was 
used as the pre-illuminating light in order to analyse the yellow process by 
the present method. Because the question is of great theoretical import- 
ance whether the yellow process is composed of two processes R and G as 
the trichromatic theory claims or is an undividable single process as the 
opponent colors theory advocates. The excitability curve for yellow light 
taken from the fovea of normal man shows a single maximum at 1.5 seconds 
(A in Fig. 2). In this figure the curves are drawn arbitrarily displaced 
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up- or downwards to avoid confusion of curves. The curve B is an ex- 
citability curve for yellow light determined under inhibitory influence of 
yellowish green light (550 my); it shows a single maximum at one second 
and cannot be distinguished from the excitability curve for red light. This 
finding indicates that the yellow pre-illuminating light is able to elicit the 
R process. The curve C which was obtained under the inhibitory action 
of green light (530 my), also cannot be distinguished from the excitability 
curve for red light. From these findings it is apparent that these inhibitory 
lights can inhibit all the color processes but R. As a matter of fact, how- 
ever, the R process itself must have suffered a slight inhibition in the pre- 
sence of yellowish green inhibitory light, because the magnitude of the 
excitability curve was found to be smaller than in the presence of the green 
light. It was further confirmed that the inhibitory action upon the R 
process was the least when bluish green light, the complementary to red 
light was used as inhibitory light. Bluish green light can hardly elicit the 
R component, and therefore has the least inhibitory action upon this pro- 
cess. Thus, the inhibitory action must be based on the same physiological 
basis as the excitatory action. 

The curve E in Fig. 2 was obtained under the inhibitory action of a 
mixture of red light (680 my) and violet light (430 mz). Judging from 
the crest time of this curve, it can be identified with the G process of normal 
man. The facts so far presented indicate that the yellow pre-illuminating 
light is able to elicit the two processes R and G, but seem yet insufficient 
to allow the conclusion that the yellow process is composed of the two 
processes R and G, because it cannot be ruled out that there might exist 
besides the two processes an independent undividable yellow process with- 
drawn from our observation by the action of the inhibitory lights used in 
the above experiments. In this regard, the following experiment deserves 
special attention. As shown in D of Fig. 2, the excitability curve shows 
two elevations at one second and at 2.25 seconds respectively, when violet 
light (430 my) is used as inhibitory light. Such a curve with two humps 
corresponding to the R and G processes has probably been brought. about 
by a weak inhibitory action of violet light upon the R process. Motokawa 
and Suzuki* showed in their investigation of the spectral loci of the retinal 
color processes that violet light is capable of exciting not only the B com- 
ponent but also the R, although its excitatory action upon the latter is only 
moderate. " 

When there is no inhibitory influence, both processes R and G are 
elicited by yellow light in such a harmonious proportion that the envelope 
of the two curves constitutes a smooth curve with a single maximum. But 
under weak inhibitory influence of violet light upon the R process the pro- 
portion will become unbalanced, and consequently the composite nature 
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of the yellow process will be disclosed. Such is the most probable explana- 
tion of our finding. However, it may be argued against the above inter- 
pretation that the undividable yellow process would be inhibited com- 
pletely by the inhibitory violet light used in this experiment so that the 
hidden R and G processes make their appearance. And, such an argument 
has a ground inasmuch as it has been shown by Motokawa®) and by Moto- 
kawa and Suzuki‘) that there exists an undividable yellow process outside 
the fovea. It is certain that violet light is capable of eliciting the R and 
B processes, but there is no theoretical or experimental ground whatso- 
ever to assume any ability of violet light to elicit or inhibit the yellow 
process, because violet light is most akin to blue light which has no in- 
hibitory action upon the excitability curve for yellow light. We must, 
therefore, conclude that there exists no independent yellow process in the 
fovea, and that the yellow process evoked at the fovea is composed of the 
R and G processes. 

Let us now turn to the yellow process occurring outside the fovea. As 

reported previously,?) the excitability curve for white light obtained from 
parafoveal regions of the retina shows distinct three elevations, which cor- 
respond to the R, G and B processes in the fovea. As we proceed towards 
further peripheries of the retina, the R and G elevations disappear and in- 
stead a new elevation having its maximum at 1.5 seconds makes its appear- 
ance, so that the excitability curve consists of two elevations, one of which 
corresponds to the B process in the fovea. The new elevation has the same 
crest time as that of the excitability curve for yellow light obtained at the 
fovea of normal man. An example is shown in (a) of Fig. 3. The question 
now arises as to whether this new process is an undividable one or com- 
posed of the R and G processes as the yellow process occurring in the fovea. 
As stated above the yellow process which appears as a single curve in the 
fovea divides into two component processes under inhibitory influence of 
violet light, whereas such a separation hardly occurs in the periphery of the 
retina. This finding suggests that the new process is an undividable 
process. : 
More conclusive edivence for the unitary nature of the new process is 
provided by the following findings from deuteranomalous subjects. In 
these subjects, the excitability curve for white light always shows three dis- 
tinct elevations R, G and B, of which the G is the lowest indicating develop- 
mental weakness of the G process in this color anomaly. The excitability 
curve for yellow light obtained from the fovea of the deuteranomalous sub- 
jects consists of distinct two elevations, providing further evidence for the 
composite nature of the yellow process in the fovea. 

On the contrary, the excitability curve for yellow light shows always a 
single maximum at 1.5 seconds when it is taken at 15° or in further peri- 
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Fig. 3. (a) Excitability curve for white light taken at 15° from the fovea 
of normal man (curve connecting empty triangles) and the one obtained under 
inhibitory action of a mixture of red light (700 my) and violet light (430 mp) 
(curve connecting circles). (b) Excitability curve for white light taken at 
15° from the fovea of a deuteranomalous subject (curve connecting empty 
triangles) and the one obtained under inhibitory action of bluish green light 
(500 mp). 


pheries of the retina. The value of this crest time is intermediate between 
those values for the R and G processes at the fovea. In view of these pro- 
perties of the new process, we have designated this process the “ Y process.” 

In deuteranomalous subjects, the excitability curve for white light 
has in general two elevations corresponding to the Y and to the B process in 
peripheral regions of the retina. The curve connecting empty triangles in 
(b) of Fig. 3 is an example of such curves. The Y process cannot be a com- 
pound process in these cases, because the Y elevation is too great in mag- 
nitude to be regarded as a compound of the R and G processes. The R 
process of deuteranomalous subjects is of normal magnitude, but the de- 
velopment of the G process is so weak, especially in the periphery of the 
retina that the crest time of the envelope of these two processes is expected 
to be determined by the predominant R process. The crest time of the 
Y process is therefore too long to be regarded as the crest time of the en- 
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velope of the two processes. 

The curve connecting empty circles in (b) of Fig. 3 was obtained under 
the inhibitory action of bluish green light (500 ma). As can be seen in 
this figure, this light inhibited not, only the B and G processes, but also the 
Y, leaving the R process intact. In this manner, any hidden process can 
be revealed by our method of selective inhibition. 


Discussion. 


From the experiments stated above it is evident that there are three 
or four kinds of color processes in the retina, each process being characterized 
by its own time constant. The time constant of each process can be deter- 
mined by measuring the electrical excitability of the eye along the recovery 
course after an illumination. The recovery takes place, as in other nervous 
tissues, passing through a refractory period and a supernormal phase. 
Our “ excitability curve ” is nothing but a graphical representation of such 
a supernormal phase. 

If the recovery of any one process is checked by renewed excitement, 
this process will no longer appear in our excitability curve, and this is the 
principle of our selective inhibition. It is easy to explain all our experi- 
mental data concerning inhibition on the basis of this principle. Colored 
light applied prior to or during the pre-illumination has no inhibitory 
action, because it hardly affects the recovery process, and therefore 
is unable to show any inhibitory action upon the excitability curve for 
the pre-illuminating light. According to this principle, the inhibitory 
action is due to excitation which serves to maintain the retinal element in 
question in a refractory state, preventing the onset of supernormal excita- 
bility. The validity of this interpretation is evidenced by the fact that the 
most strong inhibitory action is exerted by application of the same colored 
light as the pre-illuminating light, whereas there is little, if any, inhibitory 

“influence of colored light complementary to the pre-illuminating light. 
' SUMMARY. 

Influence of various colored lights upon the excitability curve for 
white light was investigated, and it was found that the excitability curve 
suffered a considerable deformation when the colored light was started im- 
mediately after the end of the pre-illuminating white light and continued 
until the test of electrical excitability was over. However, no such effect 
could be seen when the colored light was removed prior to or during the 
pre-illumination. 

It was further elucidated that the deformation was due to selective 
inhibition. For example, green light inhibits chiefly the G process so that 
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the excitability curve for white light obtained under the inhibitory acticn 
of green light resembles that of the green-blind in whom the G process is 
absent. In general, colored light can inhibit the same process as it is 
able to elicit when it is used as the pre-illuminating light. For instance, 
blue light can elicit the B process, and is almost ineffective upon the other 
processes. Therefore blue light inhibits selectively the B process. 

By taking advantage of selective inhibition the yellow process at the 
fovea and that outside the fovea were analysed, and it was elucidated that 
the yellow process at the fovea is composed of two processes R and G, 
whereas the yellow process outside the fovea is an undividable single 
process. 
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The diagram below indicates, we believe, the real relation between 
the granulocyte- and erythrocyte-series in the adult organism. The ex- 


perimental evidences therefor have been afforded in vivo as well as in 
vitro which will be reported elsewhere. 
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Since Bayliss and Bradford reported the electrical phenomena accom- 
panied with secretory activity of animal salivary glands, a number of in- 
vestigations have been made on this subject. A review is given in Har- 
reveld’s communication.’ As to the function of the human salivary gland, 
no investigation on action currents has appeared, because there is no 
method available for leading off action currents developed in this organ. 

On Motokawa’s suggestion to pick up potential changes from the 
human parotid gland with the aid of a Krasnogorski’s suction capsule and 
a sensitive galvanometer, we worked out the following method and evaluat- 
ed its usefulness for investigation of the secretory activity of the human 
salivary gland. In the present communication the method and apparatus 
will be described in detail with some critical comments. 


Method and Apparatus. 


I. Recording of action currents. 

The arrangement of the apparatus is illustrated in Fig. 1. The suc- 
tion capsule used is sketched separately in the left top corner of this figure. 
It is made of acrylic resin and has two concentric chambers, the inner cir- 
cular and the outer annular. The outer chamber serves as a suction cham- 
ber and has a separate outlet tube (suction tube (a)). The inner chamber, 
10 mm. in diameter and 7 mm. deep, collects the saliva from the Stensen’s 
duct and has two separate outlets tubes, secretion (b) and lead tube (c). 
The saliva flows out into the trough T, through the secretion tube. In 
the cavity of the inner or secretion chamber, a small silver plate of lcm? in 
size is placed and used as a leading-off electrode. The connecting wire 
between the electrode and the galvanometer is run through the lead tube. 

After having placed the capsule correctly over the opening of Sten- 
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Fig. 1. The arrangement of the apparatus. 

P: parotid gland. Cap: suction capsule. E, and Eg: silver electrodes 
G: galvanometer for recording action current. Cj, 5: stopcocks. T , and Ts: 
troughs. A and B: arms of U-tube for measurement of velocity of secre- 
tion. Cl: adjustable clamp. Tr: tray. L: light source. Pc: photocell. 
Gz: galvanometer for recording velocity of secretion. 


sen’s duct, the air within the suction chamber is drawn out through the 
suction tube by means of a syringe. As the mucous membran covered 
by the suction chamber is sucked into the cavity of the suction chamber, 
the capsule can be fixed and held in place. Then the secretion chamber is 
filled with the saline in the following manner. By blowing the air through 
the rubber tube (Rt) the saline within the trough T, is displaced into the 
secretion chamber and flows out through the lead tube. After the air 
within the chamber has completely been driven out, the lead tube is clamp- 
ed and the stopcock C, is turned so as to open the connection between 
the troughs T, and T,. If the capsule is correctly placed, the drops are 
forced out from the capillary outlet of the trough T, by the salivary secre- 
tion. In this case one must take care to hold the capillary outlet at the 
same level as that of the parotid gland. 

The diffuse lead, a silver electrode of 3 cmx6cm in size, is placed 
on the skin of the parotid region, the electrical contact being made by 
electrode paste rich in NaCl. The galvanometer used in the present ex- 
periment has a current sensitivity of 2.1 x 10-§ A and a period of 4 seconds. 
When the pair of electrodes is connected with the galvanometer, a cur- 
rent is found flowing from the electrode within the mouth to that on the 
skin through the external circuit. In ordinary cases the magnitude of this 
standing potential is about 200 mV or so. When the standing current is 
compensated by the aid of a potentiometer, the galvanometer no longer 
shows any marked deflection in spite of the steady secretion of the saliva 
as known from the dropping at the outlet of the trough T,. However, when 
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a gustatory stimulus is given to the subject, there occurs a large deflection 
accompanied by increased secretory activity. Such a galvanometer de- 
flection is due to the action potential developed in the gland. Irrespective 
of the quality of the gustatory stimulus it can be shown in all the subjects 
that the action current flows from the electrode on the skin to that within 
the mouth through the galvanometer circuit. 
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Fig. 2. Action current of the human parotid gland. 

At the arrow 2c.c. of 10% acetic acid was poured into the subject’s 
mouth. A series of dots over the electrogram indicates the number of drops 
of secreted saliva. 


An example of the records is presented in Fig. 2. In this case 2 c.c. 
of 10% acetic acid was used as a gustatory stimulus. It seems likely that 
the elicited action current consists of two components, a slow large deflec- 
tion and rapid small waves. The absolute value of the deflections could 
not be determined accurately, because the calibration was hindered by 
strong polarization at various junctions of the leading circuit, but it seems 
probable that the action potential led off may be in the order of 10 mV. 

The series of dots above the electrogram in Fig. 2 indicates the number 
of drops falling from the capillary outlet of the trough T,. It is clearly 
shown in this record that the dropping began with a greater latency than 
the action current and that it was gradually diminished in number as the 
amplitude of deflection decreased. 


IT. Recording of secretion velocity. 


Since the quantity of secretion corresponding to one drop from the 
trough T, can be determined by calibration, we may calculate the velocity 
of secretion from the record as shown in Fig. 2. However the procedure 
of calculation is somewhat troublesome and moreover, the so calculated 
value can not represent changes in velocity from moment te moment. We, 
therefore, developed a method for photographical recording of the velocity 
of secretion. 

The apparatus is illustrated in the right of Fig. 1. Two glass tubes 
and a long rubber tubing are connected so as to make a U-tube. The 
calibre of the middle part of the left arm (A) is about ten times as large as 
that of the right arm (B). The latter consists of two branches, horizontal 
and vertical. The horizontal branch is connected through a rubber tube 
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with a capillary outlet whose tip is dipped into the black ink within a large 
tray (Tr). After the U-tube is filled with the black ink feeded from the 
tray, the left arm is connected with the outlet of the trough T, through the 
stopcocks C, and C;. Before each measurement the meniscus of the ver- 
tical branch must be adjusted to a level a few millimeter higher than the 
joint of the horizontal branch. 

The principle for measuring the velocity of secretion is as follows; 
when the saliva is secreted with a constant velocity, the meniscus of the 
vertical branch is held at a constant height corresponding to the secretion 
pressure. As the secretion velocity increases, the outflow of the black ink 
increases. But the output from the capillary outlet can not increase enough 
to cover the increased quantity of the saliva, because there is a great resist- 
ance in the connecting rubber tube. Consequently, a part of the ink dis- 
placed by secretion moves up the vertical branch and the meniscus of this 
branch is displaced upwards. As the velocity of secretion is reduced the 
meniscus once displaced upwards moves down to the original level. In 
this manner the meniscus of the vertical branch moves up and down as the 
velocity of secretion is increased or decreased. To record the movement 
of the meniscus we used a photocell in conjunction with a galvanometer 
(current sensitivity: 7x 10-¢ A, period: 4 seconds). 
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Fig. 3. Velocity of secretion (upper curve) and action current (lower 
curve). 2c.c. of 10% NaCl was administered at the arrow. 

An example of records is shown in Fig. 3 in which the upper and lower 
curves represent the velocity of secretion and the action current respec- 
tively. As can be seen in this figure, the salivary secretion was started 
with almost the same latency as that of the action current and the time 
courses of the two events are closely similar to each other. 

The resistance in the connecting rubber tube between the horizontal 
branch and the capillary outlet can be controlled by means of an adjustable 
clamp (the clamp marked as Cl in Fig. 1). When the resistance is too 
great, the meniscus of the vertical branch displaced to a large extent, but 
its downwards movement is slowed down. On the contrary, the upwards 
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displacement is too small under a too small resistance. If the resistance is 
adequetly chosen, it must not be altered during the experiment. 

For calibration of the apparatus it is necessary to determine the 
galvanometer deflection when the liquid whithin the U-tube is displaced 
with various known velocities. For this purpose a burette is connected 
with the trough T, in place of the suction capsule, the another part of the 
system being unchanged. The burette is filled with the saline in the same 
manner as suction capsule. The liquid of the burette flows out with a 
velocity which depends only upon the difference of height between the 
liquid level of the burette and that of the tray. Therefore, we can displace 
the liquid within the U-tube with any desired velocity by adjusting the 
meniscus of the burette to a certain definite level before the measurement. 
The velocity of displacement can be determined in such a manner that the 
time required for a definite downwards displacement of the meniscus of 
the burette is measured by a stop watch. The result of the calibration is 
shown in Fig. 4 in which the velocity of liquid movement is plotted in c.c. 
per second against the galvanometer deflection as abscissa. The condition 
of the resistance of the connecting rubber tube was the same as in the case 
represented in Fig. 3. 
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Fig. 4. Calibration of the apparatus for measuring the velocity of secre- 
tion. Ordinate: velocity of liquid movement in c.c. per second. Abscissa: 
galvanometer deflection in cm. 
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Discussion. 


The question arises as to whether the galvanometer deflection accom- 
panying liquid movements set up by secretory activity of the gland is not 
due to any physical artefact, for instance, to streaming potentials. To 
answer. this question, it was tested whether or not any galvanometer defle- 
ctions were caused by liquid movements set up by injection of a certain 
amount of saline into the system with the same order of velocity as that 
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of salivary secretion, and we could find no such large deflection in this 
experiment as those observed in the above experiments. When the capsule 
was placed in such a manner that the opening of the Stensen’s duct was 
not covered by the capsule, the electrode within the capsule was never 
exposed, of course, to any liquid streaming. Nevertheless the action cur- 
rent could be proved, though it was not so conspicuous as in the usual 
placement of the capsule. This finding rules out again the possibility 
of physical origin stated above. 

Since the diffuse electrode is placed on the skin of the cheek, we must 
take into consideration that galvanic skin reflexes might be involved in our 
measurements. But we confirmed that the gustatory stimulus could elicit 
no remarkable action currents of the skin unless a subject was astonished 
by applying a stimulus solution without warning. 

As stated above, the action current of the parotid is composed of a slow 
large potential change and rapid small waves superimposed upon it. 
We found that these two components show different behaviours against 
electrotonic current. Using the circuit as shown in the top of Fig. 5, 
we recorded action currents during the passage of an electrotonic current 





— 


‘ 
Fig. 5. The effect of an electrotonic current upon the action current. 


A: normal control. B: record obtained during the passage of electro- 
tonic current. 

In the top of the figure the circuit diagram is illustrated. P: parotid 
gland. G: galvanometer. E,: battery for compensation. Ee: source 


of electrotonic current. 


through the parotid gland. In the circuit diagram P and G mean 
the parotid and the galvanometer respectively. The battery E, is used for 
compensation and the battery E, is the source of the electrotonic current. 
The curve A was a normal control obtained in response to 2 c.c. of 10% 
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acetic acid. Using the same stimulus solution the curve B was recorded 
during the passage of the electrotonic current. In this case the electrotonic 
current was applied in such a manner as it flowed from the electrode on 
the skin to that within the mouth through the gland. In both records the 
upwards deflection means that the action current flows from the electrode 
on the skin to that within the mouth through the external circuit. As can 
be seen in the diagram, the direction of the slow component is reversed by 
the passage of the electrotonic current, while the rapid waves are not so 
seriously affected though they are slightly slowed down. From this finding 
it seems plausible that the two cbmponents are of different origin. 

In this respect Motokawa’s observation®) on action currents of frog’s 
skin deserves attention. Though the action current of the frog’s skin passes 
within the skin from the inner to the outer surface under a normal condi- 
tion, its direction can be reversed when an electrotonic current flows 
through the skin from the outer to the inner surface. Since the action 
current of the frog’s skin which apparently originates from gland‘tissues in 
the skin has the same property as our slow component in this respect it is 
suggested that our slow component originates from the gland cells of the 
parotid. The rapid waves must be ascribed to another potential source. 
As to the origin of the rapid waves, one of us (T.S.) will discuss in the next 
coming paper. 


SUMMARY. 


The methods and apparatus for leading off action currents from the 
human parotid gland and for recording velocity of salivary secretion were 
described in detail. 

1) On the opening of the Stensen’s duct we fixed a Krasnogorski’s 
suction capsule in which a small silver electrode was placed. A diffuse 
electrode of silver was placed on the skin of the parotid region. In response 
to a gustatory stimulus a galvanometer which was connected with the pair 
of electrodes showed a marked deflection accompanying an increased 
salivary secretion. It was found that the elicited action current consisted 
of a slow potential change and rapid potential waves superimposed upon it. 

2) With a simple apparatus, secretion velocity was recorded photo- 
graphically. It was shown that the time course of the velocity was closely 
similar to that of the action current. 


Finally we express here our hearty thanks to Prof. Motokawa who furnished 
us with guidance and helpful criticism. 
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By means of a rubber balloon, attached at the distal extremity of the 
Meltzer-Lyon’s tube and distended when it enters the duodenum, the 
passage of contrast barium is stopped. By this method the lesion of the 
duodenal cap, pylorus and prepyloric area are demonstrated very well. 

Samely the air-filled balloon is inserted into the fundus of the stomach 
and obstructs the cardiac end of the oesophagus and then, by taking con- 
trast barium the lesion of the oesophagus, especially its lower part, are 
clearly demonstrated. 

For the pathological changes of the stomach the Miller-Abbot’s tube 
with double balloon is used, one of which is inserted into the duodenum | 
and distended samely as above mentioned, to fix the other balloon in the 
adequate area of the stomach and to prevent its floating. The patient 
takes contrast barium by mouth, and the balloon in the stomach is dis- 
tended, then we are able to find the demonstrable figures of the lesions, 
especially in the meaning of so-called palpation from interior in the fundus 
area when the palpation from outside is not possible and particularly of 
great value in case of cancer in the upper part of stomach, 

By marking the tube with barium in each distance of 0,5 cm we can 
measure the size and location of the lesion distinctly. 
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INTRODUCTION. 


Up to the present, our knowledge about the secretory function of 
salivary glands is generally based upon the results of animal experiments. 

Since Bayliss and Bradford succeeded in leading off the action currents 
of salivary glands in animals, many physiologists endeavored to elucidate 
the connection between salivary secretion and action currents (Har- 
reveld.?) 

As to the function of human salivary glands, the most convenient 
method being used at present consists in measuring the secretion of the 
parotid by the aid of Krasnogorski’s capsule. But most experiments car- 
ried out by this method were only qualitative or not extensive enough ex- 
cept Lashley’s experiments.?? 

In the present investigation I have made quantitative measurements 
of secretory function of the human parotid using test solutions of varying 
qualities and concentrations, and at the same time in parallel measurements 
of the action currents and secretion by the method of Iwama and Shinjé*). 
I have confirmed that the action currents are the most sensitive indicator 
for secretory activity of salivary glands. 


EXPERIMENTAL. 
Method. 


The arrangements for parallel measurements of the action currents 
and secretion of the parotid gland is shown in Fig. 1. Since a full account 
of this method is given in the preceding paper by Iwama and Shinjé,* 
detailed description may be omitted here. A Krasnogorski’s capsule made 
of acrylic resin was placed on the mucous membran within the mouth in 
such a manner that it covered the outlet of parotid saliva (papilla ductus 
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Fig. 1. Arrangements for measuring salivary secretion and action cur- 
rents of human parotid. 

Cap: capsule, Cy_5: cocks, Ey and Eg: silver electrodes for leading off 
action currents, G: galvanometer, M: manometer, P: parotid 
gland, T,: trough, Tz: drop measurer, 


paroticus), and fixed by impressing negative pressure within the cavity 
between the double walls of the capsule. 

Oné of the leading off electrodes was placed before the outlet within 
the capsule, and the other was placed on the skin in the parotid region, the 
electric contact being secured by electrode paste. 

The currents were read on the scale of a mirror galvanometer (sensi- 
tivity 2.1x10-* A, period 4 sec.), or recorded photographically. A 
potential difference of about 0.1 to 0.3 volts was observed in the resting 
state of the gland. The direction of the potential difference was such that 
the current flowed from the electrode within the capsule to that on the skin 
in the external circuit, and its magnitude was changing slowly so that it 
had to be compensated immediately before each measurement. 

For the measurement of secretion, either a manometer M was used 
which was connected through a trough T, with the capsule, or the number 
of drops from another trough T,, which could be connected with the trough 
T, by a cock C,, was counted or recorded photographically through an 
electromagnetic relay. The volume of each drop was 0.045 c.c. and cor- 
responded to one scale pf the manometer M. 

In view of relatively low secretion pressure of the gland, the capsule, 
troughs T, and T,, manometer were arranged at about the same level. 

In this experiment, I used solutions of acetic acid, sodium chloride, 
sulphuric quinine, and cane sugar as test solutions. The range of con- 
centration was from 0.5% to 10% in acetic acid, from 0.3% to 20% in 
sodium chloride, from 0.03% to 1% in quinine and from 5% to 30% in 
sugar, 
In each measurement, a definite amount of test solution was poured 
into the mouth of the subject by a syringe, Lashley*) showed that the 
greater the amount of a test solution the greater the quantity of saliva 
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secreted, and it was expected that the amplitude of action current would 
also be the larger. But I applied each time only 2 c.c. of test solution to 
make the time required for its administration as short as possible and to 
prevent any after-effect of the stimulus. 

In this experiment, the largest hindrance was that a conditioned reflex 
was established in the subject by repeating stimuli. Especially the acid 
stimulus was found so effective in this respect that it was sometimes difficult 
to make reliable measurements as to the influence of acid concentration on 
salivary secretion. Of course, it was avoided as far as possible to repeat 
the same kind of stimulus on one and the same subject. 


Results with Discussion. 
1. The Type of Action Currents set up by Four Taste Stimuli. 


Morita studied the action currents of the submaxillar gland of cat in 
response to test solutions poured into the mouth, and reported that there 
were wave types characteristic of four kinds of taste. 

It is a matter of great interest whether or not such characteristic dif- 
ferences can be observed in the human salivary gland, for they may serve 
as objective indicators of different kinds of taste. 

In order to answer this question, I recorded action currents caused by 
2 c.c. of the following solutions: quinine (0.5%), sugar (20%), sodium 
chloride (10%), and acetic acid (5%). The sensitivity of the galvano- 





Fig. 2. Action currents of parotid gland in response to four taste stimuli. 
A: quinine (0.5%). B: cane sugar (20%). C: NaCl (10%). D: acetic acid 
(5%). C and D were taken with the sensitivity of galvanometer reduced to 1/8 
of that for A and B. Arrows indicate the moment of stimulation. Dots 
above curves indicate the number of drops of saliva secreted. 
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meter was reduced to 1/8 in recording the action currents due to stimulation 
by acid and salt to make comparable with the weak action currents caused 
by quinine and sugar solutions. The records obtained are shown in Fig. 2. 
In these records, the upward deflection corresponds to a current flow from 
the cheek into the mouth in the external circuit. 

The dots above each record represent drops of saliva secreted which 
were recorded as stated above. Records A, B, C and D are action currents 
set up by quinine, sugar, salt and acid respectively. From these records 
the following properties can be seen: 1) The latent period of action cur- 
rents lies between 0.5 and 3 seconds, and the duration between 2 and 5 
minutes. 2) Action currents set up by acid and salt are 5 to 10 times as 
great as those set up by sugar and quinine. 3) The time required to attain 
the maximum of the action current is shorter in the case of acid and salt 
(5’’—10’’) than in the case of sugar and quinine (20’’—-30”’). 4) The same 
is true as to the latency of the action current; the latency is 0.5—1 sec. for 
acid and salt, 1.5—2.5 sec. for sugar and quinine. 5) In general, the action 
current of the human parotid gland consists of a large slow deflection lasting 
about 2 to 5 minutes and small rapid waves superimposed upon the former. 
Acid and salt stimuli cause action currents rich in small rapid waves while 
these waves develop weakly on application of sugar and quinine solutions. 
6) Though the type of the action currents due to sugar and quinine is ~ 
similar to each other, there is a difference that the action current due to 
the sugar stimulus is more inclined to a diphasic variation. 

From these findings it can be said that the four taste qualities give rise 
to action currents of different type to some extent characteristic of each 
taste, especially when concentrations of taste materials are sufficiently 
high. 


2. The Influence of the Concentration of Test Solutions on the 
Action Current and Secretion of the Parotid Gland. 


The type of action currents also depends on the concentrations of a 
taste substance, as shown in Fig. 3. In this case solutions of acetic acid in 
concentrations ranging from 0.6% to 10% were used. 

As can be seen from this figure, the higher the concentration the shorter 
the latency, the larger the amplitude, the longer the duration, and the 
more marked the appearance of small rapid waves. It is natural that, at 
higher concentrations, the ascending branch of the curve is steeper than 
at lower concentrations, but it is peculiar that the time from the onset of 
the stimulus to the maximum of the curve remains almost constant irrespec- 
tive of concentrations. The same relation was observed in the experiments 
with salt solutions. The lowest concentration used in these experiments 
was 0.6% for acetic acid and 0.3% for common salt. At lower concentra- 
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Fig. 3. Dependence of action currents on concentration of acid. Ar- 
rows indicate the moment of application of acid solution. Dots above curves 
indicate the number of drops of saliva secreted. 
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tions, the time to the maximum seemed to be a little longer, but did not 
alter considerably. Such a pattern of action current as obtained by ap- 
plication of acid and salt solutions in higher concentrations could not be 
realized by sugar and quinine. At the highest or saturated concentration 
of these substances (30%, for sugar and 1% for quinine), the pattern was 
found almost the same as that of the records illustrated in A and B of Fig. 2. 

Increases in the amount of test solutions seemed to act in the same 
way as the increases in concentrations, as confirmed in another series of 
experiments. The time to the maximum was found to be shorter than 10 
seconds for acid and salts, and about 20 seconds for sugar and quinine. 
This finding deserves special attention because the time under consideration 
depends little on quantity and concentration of test solutions. 

As pointed out above, the small rapid waves superimposed upon the 
slower deflection increase in number with increasing concentrations of acid 
and salts. Waves of the same kind can be seen in the records taken by 
Morita” from the deamanis gland of cat, though this author did not refer 
to them. . 

My subjects told me that somewhere about the parotid they felt in- 
voluntary contractions of muscles occurring about synchronously with the 
small rapid waves. 

To show the correspondence between the feeling of muscular con- 
traction in the region of the parotid and small rapid waves I ordered my 
subject to send an optic signal as soon as he felt a contraction, so that the 
signal might be recorded with action currents. This relation is shown in 
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Fig. 4. Correspondence between small rapid waves of action currents 
and sense of muscular contraction in parotid region, 
A: Salivary secretion (the number of drops). 
B: Signals sent from the subject at the moments when he felt con- 
traction, 
C: Action current caused by acetic acid. 
D: Time mark. 


Fig. 4, in which A indicates drops of saliva, B signals for muscular contrac- 
tions, and C the action current. The coincidence between small rapid 
waves and signals is so regular that it can hardly be assigned to chance 
coincidence. 

Motokawa®) proved contractions of smooth muscle in the skin glands 
accompanying action currents of frog skin in response to electrical stimula- 
tion of secretory nerve and called this phenomenon “secreto-motor res- 
ponses.”’ 

According Maximow and Blood® the basal or basket cells of the parotid 
can contract like a muscle cell, though they are presumably of epithelial 
origin, and therefore are called « myoepithelial cells.” The small rapid 
waves stated above probably originate from contractions of these cells, 
and the slower component of the action current may be ascribed to the 
activity of gland cells as such. 


3. The Amplitude of Action Current and the 
Quantity of Salivary Secretion. 


Iwama and I* recorded changes in velocity of salivary secretion and 
pointed out their close similarity to the course of the action current of the 
gland. In Fig. 5, the relation between the number of*drops during 30 
seconds after the onset of the stimulus and the amplitude of the action cur- 
rent is shown. As can be seen in this figure, no curve passes through the 
origin of the coordinate but intersects the axis of abscissa, if extrapolated, 
at a point on the positive side of the origin. This indicates that there exists 
secretion without accompanying any perceptible action current. This 
must be either intrinsic secretion independent of external stimuli,”) or secre- 
tion due to the after-image of the preceding stimulus. 
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Fig. 5. Relation between amplitude of action current and quantity 
of secretion during 30 seconds following the onset of stimulation. 


The amount of this kind of secretion is greater in the following order: 
acid>quinine>sugar>salt. It is at lower concentrations of test solutions 
that a linear relationship is found between number of drops and amplitude 
of action currents. At higher concentrations, however, the amplitude in- 
creases only little, and instead the duration of the action current mcreases 
in proportion to the number of drops, as illustrated in Fig. 3. 


4. The Latent Period of Action Currents 
and Salivary Secretion. 


As for the latent period of action currents, Rabl® reported that it was 
independent of the strength of the electric stimulus applied to secretory 
nerve of submaxilar glands. Harreveld”) observed only slight depend- 
ence, and Morita* found it independent of kinds of taste quality in the ex- 
periments in cats and rabbits. 

I measured the latent period of both action current and salivary secre- 
tion of the parotid gland for varying qualities and intensities of gustatory 
stimuli. The latent period of action current was measured by a stop watch 
as the time from the onset of the taste stimulus to the beginning of a galvano- 
meter deflection. As the index of secretion, fluid movement of 1 mm. in 
the manometer was taken, and the time from the beginning of the stimulus 
to the onset of secretion was measured by a stop watch. The data (average 
of 3—5 measurements) are shown in Table I—IV. 

As stated above, I could not obtain such large action currents as caused 
by acid and salt in the experiments with sugar and quinine of the highest 
possible concentration, but the difference in latency was found not so great 
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TaBLeE I. 
Latent Period in Seconds of Action Current and Salivary 
Secretion. 
Stimulus : NaCl. 
aa Subject | Action current Secretion 
Concent. nae KI | S&S | M | - K.I. s..| M. I. 
! 
0.3% 50 | 27 3.6 7.2 12.0 55 | 80 | 300 
0.624 2.5 1.8 2.7 6.3 9.4 43 6.5 | 37.0 
1.2% 28 | 06 1.8 5.4 8.0 2.6 8.2 32.0 
2.59 | 20 |} O09 1.9 2.7 8.6 26 | 100 35.0 
5.0% } 15 06 | 16.|. 24 5.8 23 {; 105 16.0 
10.022 16 06 | 13 1.8 4.5 2.0 7.5 17.0 
20.024 1.2 4.3 12.0 
TABLE II. 
Latent Period in Seconds. 
Stimulus : acetic acid. same subject. 
Action current Secretion 
a 
free Date | a7nn | sgt | 25) | a7 | 19/tI | 25/1 
Concent. ie ! / | 
| | 
0.526 24 | 37 | 10 14.1 60 | 180 
1.0%4 13) | 3.5 | 25. | 80 66 | 84 
2.02% ws BO ee ecg fl beg 7.2 
4.0%. ja Aegon qolita 46 | 27 | 36 
6.0% Ll | 10 0.4 36 | 18 | 30 
10.0% 065 | 065 | O38 24 | 24 15 
TaBLe III. 
, 
Latent Period in Seconds. 
Stimulus: cane sugar. same subject. 
Action current Secretion 
- Date 
dat disa 2/111 | 4/111 | 2/III 4/111 
52% | 40 | 30 | 18.0 | 210 
102% | 30 | 25 | 96 | 180 
202% | 25 |..15. | 90 | 180 
3026 re a ee 78 | 120 
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TABLE IV. 
Latent Period in Seconds. 


Stimulus : sulphuric quinine. same subject. 











| Action current | Secretion 
ie Date | ' 
Concent | MM) amr | | iat 
0.0524 | 41 | 102 | 
0.1 24 | 3.0 37° | 81 15.0 
0.2 26 | 29 2.3 7.2 9.3 
0.4 2% | 25 1.6 | 66 | 96 
1.0 2% 23 | 20 | 72 | IA 


as that in amplitude. The latency in general became shorter with in- 
creasing concentrations of test solutions, but quinine, as an exception, 
showed the minimum latency at a middle concentration, namely at about 
0.25%. The shortest latency for each kind of taste substances was deter- 
mined in one and the same subject and was found to be shorter in the 
order acid, salt, quinine, sugar. 

As can be seen in Table I and II, marked individual and daily varia- 
tion were found. Fatigue and satiety prolonged the latency. If the 
latency is dependent little of the intensity of electrical stimulation applied 
to secretory nerve, as evidenced by Rabl® and Harreveld!’, the marked 
dependence of the latency on concentrations of test solutions must be 
ascribed to the properties of the gustatory receptors. 


SUMMARY. 


Using Krasnogorski’s capsule, secretion of the human parotid was 
studied. The action current accompanying secretion was led off to a 
mirror galvanometer through a pair of silver electrodes, one of which was 
placed within the capsule, and the other on the skin over the parotid, and 
recorded photographically. 

1. The action current consisted of two components; the slower com- 
ponent appeared after a latency of 0.2 to 4 seconds, and lasted for | to 5 
minutes, the direction of the current being from cheek to mouth in the 
external circuit. The more rapid component consisted of small waves 
with a period of about 5 seconds, and appeared superimposed upon the 
slower component. 

2. Acid and salt gave rise to action currents of similar type, consist- 
ing of a large deflection with a train of small waves superimposed. Action 
currents caused by sugar and quinine were also similar to each other. 
They were much smaller in amplitude, shorter in duration and scant of 
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small waves. 

3. The relation between the amplitude of action currents and the 
number of drops of saliva secreted during 30 seconds after the onset of a 
stimulus was studied, and it was found that they are related linearly to each 
other at lower concentrations of test solutions, but that the amplitude in- 
creased much less than in proportion to the number of drops at higher con- 
centration. 

4. The latent period of action currents depended little on the kind 
of taste substances, but greatly on concentration. 


Finally I express here with all my hearty thanks to Prof. Motokawa, who led 
me with kindness and Dr. Iwama who worked in conjunction with me in regard 
to this work. 


References. 


1) Van Harreveld, A., Arch. Néerland. de Physiol., 1930, 16, 23, 151, 413. 

2) Lashley, K.S., J. of Fxp. Psychol., 1916, 1, 461. 

3) Iwama, K. and Shinjé, T., Tohoku J. Exp. Med., 1950, 52, 223. 

4) Morita, M., Nagasaki Igakkai Zassi, 1935, 13, 396. 

5) Motokawa, K., Tohoku J. Exp. Med., 1940, 39, 66. 

6 )- Maximow, A.A. and Bloom, W., A Text Book of Histology, 1947, 369, Philadelphia. 
7) Hayakawa, R. and Nagai, K., Jap. J. of Brain Physiol., 1948, 13, 105. 

8) Rabl, C., Ztsch.. f. Biol., 1922, 76, 289. 








dk 
ta 
tu 
sa 


se 
ar 
Si 
ha 
sti 
in 
Wi 
tic 
of 











The Tohoku Journal of Experimental Medicine, Vo!. 52, Nes. 3 & 4, 1950. 


Salivary Secretion in Relation to Facilitation 
and Inhibition in the Sense of Taste. 


By 


Tokumoto Shinjo. 
(i HE 1% Fi) 


(From the Physiological Laboratory of Prof. K. Motokawa, 
Tohoku University, Sendai.) 


(Received for publication, June 30, 1949.) 


INTRODUCTION. 


It is well known that the mixture of two taste qualities negates the 
weaker taste quality or facilitates a taste quality or makes a new taste 
emerge, which does not resemble either of the original qualities (Henning). 

Hambloch and Piischel?) made some quantitative experiments by 
determination of thresholds for taste sense, combining two qualities of four 
taste qualities. A number of investigators studied the effect of tempera- 
ture on taste by the method of reaction time except Lashley®) who took 
salivary secretion as the index. 

In order to investigate objectively the phenomena known as facilita- 
tion and inhibition in the sense of taste, I have made the following experi- 
ments, taking the latency of action currents and secretion of the human 
parotid as measured by the method described in the previous paper of 
Iwama and Shinj6* as the index. 


EXPERIMENTAL. 
Method. 


As the method is described in detail in the paper cited above there 
seems to be no need to elaborate it here. The latency of action currents 
and secretion was so long that it could easily be measured by a stop watch. 
Since salivary secretion was always occurring spontaneously, a criterion 
had to be chosen to distinguish active secretion in response to gustatory 
stimuli from spontaneous one. In the present experiment, secretion caus- 
ing a movement of the manometer fluid of over 1 mm. in a few seconds 
was taken as active secretion. In the present paper, the latency of secre- 
tion means the time elasped from the onset of a stimulus to the beginning 
of active secretion as defined above. 

As original four taste qualities, were used solutions of acetic acid 
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(0.5%-10%), of sodium chloride (0.3%-20%), of sulphuric quinine 
(0.025%-1%), and of cane sugar (2.5%-30%). Any two of these qualities 
were mixed in such a manner that a taste substance was dissolved in various 
concentrations into a solution which contained the second taste substance 
in a definite concentration. 


Result with Discussion. 
1. The Mixture of Taste Qualities. 


Fig. 1 A shows the concentration effects of various taste qualities 
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Fig. 1. A. Relation between latent periods of salivary secretion and 
concentration of taste substance, 0.5% acetic acid, 0.6% NaCl, 2.5% sugar, 
and 0.025% quinine being taken as unit. 

B. Dependence of latent periods of secretion and of action currents on 
sugar concentration in 2.5% NaCl. 

C. Latent period of secretion and concentration of NaCl in mixture of 
acid (const.) and NaCl (variable). 

D. Latent period of secretion and concentration of sugar in mixture of 
quinine (const.) and sugar (variable). 
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upon the latency of secretion. In this figure the latency in seconds is 
plotted as ordinate against concentration as abscissa, 0.5% acetic acid, 
0.6% salt, 2.5% sugar, 0.025% quinine being taken as the unit of con- 
centration. It is interesting that all the curves run almost parallel to one 
another while absolute values of latency for the same concentration unit 
are greatly different. 

In a series of experiment, 2.5% NaCl solutions which contained sugar 
in varying concentrations were used. The data obtained is shown in Fig. 
1 B in which the concentration of sugar dissolved into 2.5% NaCl solu- 
tion is plotted as abscissa. The upper curve represents the latency of secre- 
tion, and the lower that of action currents. The latency of action currents 
is always shorter than that of secretion, and they change always in parallel. 
More interesting is the fact that the latency—concentration curve shows a 
maximum at a certain concentration of sugar. The intensity of excitation 
of the mixture must be lowest in this concentration. 

In general, whether inhibition or facilitation occurs depends on the 
manner of combination of two taste qualities. The data illustrated in 
C, D of Fig. 1 and in A, B, C and D of Fig. 2 demonstrate various types 
of interaction. The mode of interaction may be classified into the follow- 
ing types: 

(1) The latency decreases with increasing concentration of the 
variable taste substance. The combination of acid (constant) and salt 
(variable) represented in Fig. 1 C, and the combination of quinine (con- 
stant) and sugar (variable) shown in Fig. 1 D belong to this type. How- 
ever, in the latter case measurements were so difficult that the data were 
less reliable than in the other experiments. 

(2) The latency increases with increasing concentration of the varia- 
ble taste substance. The example of this type was the combination of acid 
(constant) and sugar (variable) shown in Fig. 2 A. 

(3) The latency has a maximum at a certain concentration of the 
variable taste substance. The combination of salt (constant) and sugar 
(variable) shown in Fig. 2 B, and that of salt (constant) and quinine 
(variable) shown in Fig. 2 D belong to this type. 

(4) The latency has a minimum at a certain concentration of the 
variable taste substance. The example of this type is the combination of 
acid (constant) and quinine (variable) represented in Fig. 2 C. 

We may regard the mode of action represented by the type (1) as 
facilitation, and that represented by the type (2) as inhibition. 

Cragg® reported that the taste value of a HCl solution with 3% sugar 
added to it was equivalent to that of a HCI solution more dilute by about 
15%, and this finding is in good agreement with my result that the latency 
of salivary secretion was prolonged by addition of sugar to acetic acid. It 
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Fig. 2. Influence of mixing two qualities on the latency of secretion. 


is a well known fact that salt and sugar act antagonistically upon each 
other, and that sweetness of sugar is at higher concentrations strengthened 
by adding salt. The maximum of latency illustrated in Fig. 2 B has prob- 
ably been established by combination of such inhibitory and facilitating 
action of sugar upon salt. 

The formation of minimum in the acid-quinine combination must 
be due to the facilitating action of quinine upon acid at lower concentra- 
tions and to the inhibitory action of acid upon quinine at higher concen- 
trations of the latter. 


2. The Influence of Rinsing upon Salivary Secretion. 


Repeated stimulation with a 2% salt solution at intervals of 120 seconds 
prolonged considerably the latent period of secretion; for example the 
latency which was 3.5 seconds on the first stimulus, was found to be 22 
seconds after 24 repetitions of stimulation. The latency, however, was 
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found to be 4 seconds when it was tested by application of 2% salt solution 
120 seconds after rinsing with distilled water of 50 c.c. This experiment 
shows that rinsing with distilled water is an effective means for promoting 
salivary secretion. 

In order to see how rinsing with solutions of various taste substance 
acted upon salivary secretion, I performed the following experiments. 2% 
salt solution was always used as the stimulus in these experiments, and the 
latency of the secretory response to the salt solution delivered 120 seconds 
after rinsing with various solutions was measured. The data were ex- 
pressed in percentage of the effect caused by rinsing with distilled water 
to exclude the time factor involved. In Fig. 3, the measure defined by 
T—To 

To 
stance as abscissa, where T and To represent the latency after rinsing with 
a test solution and with distilled water respectively. As can be seen in 
this figure, rinsing with NaCl and sugar of lower concentration decreases 
the latency, in other word, secretion is facilitated, whereas the latency is 
prolonged by rinsing with solutions of higher concentrations (inhibition). 

There is an indifferent concentration at which neither facilitation nor 
inhibition take place. Such a concentration is about 1.5% for NaCl and 
3.5% for sugar. 

Above such an indifferent concentration, inhibition or prolongation 
of latency becomes stronger with increasing concentration, but on further 


x 100 is plotted as ordinate against concentration of rinsing sub- 
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Fig. 3. Effect of rinsing with varying solutions upon the latent periods 
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of secretion and of action current caused by 2% NaCl. Ordinate: 


where To and T represent latent periods after rinsing with distilled water 
and with test solution respectively. Abscissa: concentration of rinsing solu- 
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increase of concentration inhibition becomes apparently weaker again. 
This is probably due to the after-effect of the preceding rinsing. Such an 
effect could not be seen in the latency of action currents, which attained 
a constant level at sufficiently high concentrations of the rinsing substance. 


3. The Influence of Temperature upon the 
Latent Period of Salivary Secretion. 


Lashley® showed that water of temperatures above 55° or below 15°C 
facilitated salivary secretion, and McFadden” reported that the reaction 
time to taste of salt was found longest when the temperature of test solution 
was about 23°C. 

I also investigated the effect of temperature over the temperature range 
from 5°C to 70°C. The data are shown in Table I and II. As can be 
seen in these tables, the latent periods of secretion as well as of action cur- 
cents are found longest at about 35°C irrespective of qualities and con- 


TaBLeE I. 


Effect of Temperature of Test Solution upon the Latent Periods 
of Secretion and of Action Current of Parotid Gland. 


Test solution: 2c.c. of 2.596 NaCl. 





— | | 

















= Temp. C | ’ . 7 ’ ; 
ee eee a | 10 | or | se | | Subject 
Secretion | 40 | 72 12.3 48 | 3.0 K.I. 
Action cur. pp 2.8 2.5 2.0 
Secretion 5.2 6.0 75 4.0 
Action cur. 1.2 2.6 3.5 2.0 K.S. 
TABLE II. 
Effect of Temperature of Test Solution (Various Concentration) 
upon the Latent Period of Secretion. 
— el c | | 
Substance 5 | 10 | 20 | 35° 50 | 60° | 70° 
Pt } 
NaCl 1.2% = 66{ | 78| 13.2 | 120 
” 2.5%6 | 42 7.1) 116 85 | 30 3.0 
» | 10.0% | 56 | 48 | 48) 14d | 7.0 | 
Quinine | 0.2% | | 75 | 84) 122 | Il | 88 
Sugar 20.024 | 58/105 165° 141 | 99 
Acid 1.0% | 40| 50! 47 | 50 | 45 


H,0 | — | 4s|- | 57] e2 | 75 | 62 
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centrations of taste substances. However in the experiments of acid, the 
temperature effect was found less marked than in those of salt and sugar, 
showing good agreement with the report by H. Hahn and H. Ginther.®? 

Kitamura®) measured the latency of blocking of the ¢ rhythm in man 
in response to a temperature stimulus applied to the tongue and found that 
this latency was longest at about 38°C. 

In view of the circumstances that the temperature within the mouth is 
about 35°C it may be inferred that the least excitation occurs at this in- 
differen} temperature, resulting in the longest latent period of secretion. 

Above 60°C and below 5°C the latency was found to be prolonged 
probably owing to paralysis of temperature sense of the mouth. 


SUMMARY. 


Facilitation and inhibition in taste sense were studied objectively, 
taking the latent period of salivary secretion or of action currents of the 
parotid as the index. 

1. Facilitation was shown by mixing acid of fixed concentration with 
salt of varying concentration. 

2. The latency decreased with increasing concentration of salt. A 
similar relation was found in mixing quinine (constant) with sugar (varia- 
ble). 

3. Inhibition was found in mixing acid (constant) with sugar (varia- 
ble); The latency increased as the concentration of sugar in the mixture 
was raised. , 

4. In the combination of salt (constant) and sugar (variable) the 
longest latency was obtained at about 15% of sugar. Similarly there was 
a maximum Of latency at a certain concentration of quinine mixed with a 
constant amount of NaCl. . 

5. There was a minimum of latency at a certain concentration of 
quinine. mixed with a constant amount of acid. 

6. The effect of rinsing with various taste solutions upon the latency 
of secretion or that of action current caused by 2% NaCl solution was 
studied, and it was found that rinsing acts facilitating upon salivary secre- 
tion at lower concentrations of a rinsing solution, but inhibitory at higher 
ones. 

7. The longest latency was obtained at 35°C in the experiments with 
our taste qualities of varying temperature. 

Finally I express here with all my hearty thanks to Prof. Motokawa who led 
me with kindness and Dr. Iwama who worked in conjunction with me in regard 
to this work. 
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By 


Tuneo Nagaoka. 
( Wa AF 3) 


(From the Medico-Chemical Institute, Tohoku University, 
Sendai. Director: Prof. H. Masamune.) 


(Received for publication, July 2, 1949) 


In the third report!’ Kobayasi claimed that chondridin is chondrosin 
in a free state. If then, this crystalline substance ought to be readily 
obtained by severing the acid component from chondrosin salts such as the 
oxalate and hydrochloride. To verify this reasoning, the writer prepared 
chondrosin oxalate according to Hebting?’ and freed chondrosin therefrom 
by means of baryta. When alcohol was carefully added to its hot water 
solution, the substance came out in crystals and proved to be so-called 
chondridin from tests, analyses, melting point and optical rotation. 


EXPERIMENTAL. 


Chondroitinsulfuric acid was prepared by the method of Jorpes*) and 
chondrosin oxalate by that of Hebting.*®) 10.5 gm. of the latter were taken 
up in 20 cc. of water (a brown solution obtained) and 4.1 gm. of crystalline 
baryta in 60cc. of water added in small portions. BaC,O, was filtered off and 
the filtrate distilled in vacuo (Octylalcohol was used to prevent foaming). 
. The distillation was ceased just before getting of the solution syrupy consis- 
tency (The volume of the solution at this stage was about 20 cc.), 800 cc. of 
95% alcohol added and the mixture stood overnight. The deposits were 
separated on a filter with suction and set aside. The filtrate was pre- 
cipitated by means of 400 cc. of ether and the precipitates appearing here 
were centrifuged, washed with absolute alcohol and dried in a vacuum 
desiccator (H,SO,). The powder obtained was dissolved in the smallest 
possible quantity of hot water on a boiling water-bath and to the solution 
maintained hot on the bath was added alcohol in drops until permanent 
turbidity occurred. Soon crystals (microscopic needles) began to come 
out.“) After standing for two days, the crystals were brought on a suction 
funnel, washed with ice-cooled water and subsequently ‘with alcohol. 
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Their yield was 2.4gm. Recrystallized in a similar manner. A substance 
given weighed 2.1 gm. and possessed a constant melting point. 

The air-dry substance showed no loss of weight at 100°C under reduced 
pressure. It began charring at 125°C and melted at 180-185°C with de- 
composition (darkening) and the mixed malting point with chondridin 
prepared after Hebting (F.P., 180-185°C) showed no depression. In- 
soluble in absolute alcohol and ether. Hot Fehling and Tollens (ammonia- 
cal silver nitrate solution) solutions were reduced. Naphthoresorcinol (for 
hexuronic acid, Neuberg and Saneyoshi), a-naphthol (for hexuronic acid, 
Goldschmiedt) and aniline acetate (for pentose and hexuronic acid) tests 
resulted all in positive. It showed also Ehrlich reaction after treatment 
with alkaline acetylacetone solution (cf. Kobayasi!’). N (Friedrich), 
3.87% (calc., 3.94%). No ash. It had the rotation in water: [a]??5 


_ 0.29100 _ . : : - e225 0.34 x 100 
=7.845x1 =+34.3° after 3 minutes from dissolution; [a]p =O 845x1 


=+40.2°5) at equilibrium. 


The costs of this work were defrayed by a grant from the Education De- 
partment. H. Masamune. 
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Milk. 
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Tohoku University, Sendai. Director: Prof. Akira Sato.) 


The urine is usually the only main way of excreting poisonous meta- 
bolites, though it may depend on the definition of what a poison is and 
though any excretion may therefore be said to contain some poison or 
other. But the mammary gland—an organ of true secretion—will be the 
last organ to excrete any poison. Even if a lactant has taken a poison, it 
will, as the hitherto literature shows, scarcely be excreted into her milk. 
So the general impression is: Human milk is such a secretion, as even an 
alkaloid will not so easily be excreted intoit. The kidney and the mammary 
gland may be considered to stand at the respective extremes. In a word, 
the urine is an excretion and the milk is a secretion in the true sense. 


The Mammary Gland as a Usual Organ 
of Poison Excretion. 


Literature shows that poisons taken by the lactant can intoxicate her 
nursling through milk. But such is rather an unexpected occurrence, so 
that any single such case is sure of publication in the pediatric literature. 
If we classify the mammary gland as a usual organ of poison excretion, 
nobody will believe us. But the reality” is that it can excrete a poisonous 
metabolite incessantly and in a fairly large amount. So much the worse, 
as milk is food, while the urine, however poisonous, leaves the human body 
forever. 

Many an apparently healthy mother was weeping over the rather sud- 
den death of their breast-fed infant. This is the scene well known to 
pediatric practicians of our country some 40~50 years ago—in the era of 
Meiji, but has been almost forgotten since,—as if we had forgiven the mam- 
mary gland the fault it had dared to commit at that time, or as if the crime 
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had been extinguished by prescription. Besides, the world wide opinion 
that human milk is a true secretion and that beriberi milk is milk scanty in, 
or minus, thiamin—seems to have convined even many Japanese doctors 
who had a bitter experience at that time, of the theory that there is 
generally no bad or poisonous human milk. Such doctors in our country 
as maintain that human milk of apparently healthy lactants can very often 
be poisonous may be regarded as even heretical. 

It has repeatedly been shown by a number of papers published from 
our Laboratory that thiamin deficient mothers daily secrete a poisonous 
milk, though the amount of poison is different according to the grade of 
thiamin deficiency. The poison is mainly a methyl glyoxal like substance,” 
which will kill animals by either way of peroral or parenteral administra- 
tion. The hearts of such animals are markedly enlarged.» If enough 
thiamin is used with the poison from the first, the animals will remain in 
life with no heart enlargement ensuing. 

What we desire to emphasize here is not so much the daily occurrence 
of excretion of poisonous substance into human milk as the remarkable 
difference of health between the lactating mother and the nursing baby. 
Those with no clinical experience of thiamin deficiency may imagine that 
such a lactant who is daily intoxicating her baby with her milk will be sick 
in about the same grade as the poisoned baby, so that, for instance, the 
mother of a more or less irritable baby may have a lassitude and the mother 
of a fatally poisoned baby may be seriously ill in her bed. We almost want 
to say that such never occurs. Most of the mothers with-poisonous milk 
appear quite healthy and do not complain of any thing about their health, 
—even though they may be showing objective symptoms or laboratory signs 
of thiamin deficiency or beriberi. It was quite a well known fact in the 
era of Meiji that mothers remained apparently healthy whose breast-fed 
infants had been fatally poisoned. In that era that fatal form of infantile 
beriberi—-cardial form—prevailed and nobody even thought of stopping 
to ask a mother bereft of her poisoned infant after her health,—because she 
remained apparently healthy as regards her body. 

We do not believe that there could ever be such a cruel disproportion 
of health between mother and baby as in case of beriberi. Why could not 
a thiamin dificient mother manage to have excreted all the poisons into 
the urine? Or, one might think that, if milk was so poisonous in such a 
case, the urine must have been ever—far more poisonous. According to 
the investigations of Arakawa‘) (one of us) and Hiraga,* the urine of such 
a mother (or mother with milk negative to Arakawa’s reaction) does not 
seem to be so poisonous, though we shall omit details here. As far as the 
research works done in our Laboratory are concerned, the mammary gland 
seems to be the most important organ to excrete the poisonous metabolite 
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in case of thiamin deficiency—in order to intoxicate breast-fed infants. 
Thiamin-deficient mothers are thus detoxicating themselves—at the expense 
of their own breast-fed infants (Fig. 1). Toe 

The mammary gland is an organ of sec- paix | Apstemene dinedbotsin 
retion in perfect health of the body, so that 1 | 
even an alkaloid taken by the lactant won’t ig (eee Blooa 
go into milk in any appreciable amount. But Came 
once she has become thiamin-deficient, it is now 
ap organ of excretion as well as of secretion, 
—nay, much the most important organ to 
excrete the poisonous metabolite in thiamin Fig. 1. Actual state of excre- 
deficiency. Even sodium chloride—no poison 9" of the poisonous metabolite 
in itself—will begin to be excreted in a much 
larger amount or in a “ poisonous amount,” acting to cause or increase 
water retention in poisoned infants (Cf. Ishii®). 

Is the mammary gland now in thiamin deficiency acting as a secreting 
organ, though it has taken the réle of excretion? Not in that measure as 
it had been,—because such a salt as calcium—which ought to be “ex- 
creted ” in a rather larger amount that it might act at least in favour of 
poisoned infants—is secreted in a smaller amount (Cf. Uga’))—probably 
due to a now less adequate function of secretion. 

In thiamin deficiency Nature seems to dispose of the poisonous meta- 
bolite—highly probably methyl glyoxal,—partly and mainly to the milk, 
partly to the urine (Fig. 1),-so that She apparently is not so mindful of the 
breast-fed infant as of the mother. Or, perhaps it is better to say that 
Nature is careless of the nursling’s health, because, as already described, 
the breast-fed infant of an apparently healthy mother may very often be in 
an advanced stage of thiamin dificiency. 

We might think Nature ought to have excreted the whole at least 
almost the whole poisonous metabolite into 
the urine, so as to have kept milk free of even TISSUE 
a trace of it (Fig. 2). But Her actual way of | “IX | / Poisonous metavoiite 
disposal is quite different: She seems to want ahi 
to make milk poisonous, if once the lactant 
has fallen into thiamin deficiency. Does She V 
thus mean to warn the lactant—who has hap- 
pened to see her own infant vomit etc.—a- URINE 
gainst the thiamin-deficient food she has been 
taking? At any rate, the fact that the mam- Pere : 

‘ : . make the thiamin deficient lac- 
mary gland plays the main part in excreting |. 1+ excrete the geibsutite tilt 
the poisonous metabolite in case of thiamin polite in this way. 
deficiency shows us a new—strange—way of 
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Fig. 2. Nature might as well 











254 A. Sato and T. Arakawa 
detoxication in the (female) human body. (Fig. 2). 


CONCLUSIONS. 


The mammary gland—an organ of true secretion in perfect health— 
becomes a main organ of excretion of poisonous metabolite (highly probably 
methyl glyoxal) in time of thiamin deficiency. Thus it is no wonder that, 
when (exclusively) breast-fed infants are fatally poisoned by poisonous 
milk, their mothers are, and do remain, apparently healthy,—or the thiamin- 
de ficient lactant keeps herself healthy at the expense of her own breast-fed infant. . 


This work was carried out by a Grant from the Foundation for Promotion 
of scientific Research of the Education Department. Prof. A. Sato. 
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Since the antagonistic action of sporeforming bacilli against many 
kinds of bacteria were found by Duclaux”’ 1898, Kimmelstiel*) Rosenthal® 
Much and Sartorius,“ Franke and Ismet®) etc. reported on the studies about 
these phenomenon. But René J. Dubos*”) was the first to study in detail 
the chemotherapeutic application of the substances extracted from a cul- 
ture of the active bacteria. _ 

He named the substances at first isolated by him “ gramicidin”? and 
“‘ tyrocidine.”’ 

These substances, however, were quite toxic for living bodies and it was 
expected that their use would be limited to local application. A search 
to find, therefore, suitable antibiotics among the cultures of spore formers 
was performed very vigrously, and many kinds of these substances were 
isolated such as “ bacillin’’ by Foster® et al, “subtlin’’ by Jansen® et 
al, “colistatin’’ by Gause!® and “bacitracin”? by Johnson™-!* et al. 
In our country also similar substances were isolated by Anzai’, by Nishi- 
mura!), by Suda’), by Kochi!® and by Katsunuma.?”) 

The author recently had the opportunity to read the literature about 
“ polymyxin ”’ by Stansley et al,!*) and “ aerosporin ’”? by Brownlee et?® 
al, concerning antibiotics produced by sporeformers. 

All these substances except “‘ bacitracin” and a few other antibiotics 
seem to be more or less toxic or inactivated in the living body or no report 
was made about its purification in detail. 

Under the leadership of Prof. M. Kuroya, the author seeked an anti- 
biotic sporeformer among the collection of strains isolated from the soil in 
many places in Tohoku and Kanto district, and obtained one active strain. 





* The outline of the article was reported at the 21st general meeting of Japanese bacterio- 
logist on 2nd May, 1948. 
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After extraction and purification of the water-soluble antibiotic from 
this culture, the author ascertained that its toxity was very slight. The 
present paper is concerned with this data, which are being compared with 
that of “ bacitracin ’’ by Johnson et al. 


Isolation and Selection of Strains. 


At first the suspension of | g of soil in 5 cc saline was heated at 75°C 
for 30 minutes, in order to kill non-sporeforming, vegetative cells. One 
loopful of this suspension was streaked on a nutrient agar plate and in- 
cubated at 37°C for 24 hours. From many different colonies of spore- 
forming bacilli produced on agar plate, 251 strains were isolated on the 
nutrient agar slants. The antibiotic activity of these strains was tested 
by the dilution method. 

The culture medium was as follows: 





Meat extract 10g) 
Peptone 10g 
KH2PO, lg 
NagHPO,-12H2O 0.25 g¢ pH adjusted to 7.2 
NaCl 5g 
Agar sag 
Aq. dest. 1000 ce? 


The agar was added as the supporting material of bacterial pellicles 
and the phosphates was used for buffering the pH range of medium during 
cultivation. Vessels were 200 cc flat shaped flasks and 40 c.c. of culture 
fluid were bottled into each flask and one loopful of bacteria cultivated on 
agar slant was inoculated into each bottle. The assay was performed by 
the broth serial dilution method, the “‘ Terashima” strain of Staphylococcus 
aureus being used as the test organism. The culture filtrate was tested after 
the heat sterilisation at 100°C for 10 minutes. Among 251 strains isolated 
from soils of different places one active strain (No. 164) was found by such 
a procedure. 


Bacteriological Characteristics of Strain No. 164. 


This strain could grow easily on the nutrient agar and in the nutrient 
broth very abundantly at 37°C, but in the peptone water its growth was 
restricted. On the nutrient agar small yellowish non-transparent S-form 
colonies were produced, while R-form colonies were found only infre- 
quently. 

The broth cultures were turbid homogeniously at first, but in a few 
days they became transparent and very fragile, thin pellicles were formed 
at the same time. Léffler’s medium was not liquefied. Gelatin medium 
was liquefied only on the surface layer in a dish form. On the potato slant 
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grayish-white, viscous colonies were formed. Acid was produced in 
glucose, maltose and sucrose, but no gas production was observed. Lactose 
was not fermented. 

Indol production was negative, catalase-reaction positive. The or- 
ganisms survived often even after the heating at 100°C for 30 minutes. 

The organisms were Gram positive, 1.0-3.5 » long, their ends were 
blunt, long chained. Spore central, oval, actively motil. 

Regarding these findings, the organism seems to be very similar to 
the Bactllus subtilis group described by Topley and Wilson,2®” and 
Bergey.?!) 


Media for the Production of Antibiotic. 


With reference to culture media for the production of antibiotic by 
the spore formers, many kinds has been developed, such as Dubos’s casein 
hydrolysat media for ‘“ gramicidin,” Foster’s yeast extract agar media for 
*“ bacillin ’’ production, and Johnson’s synthetic or soybean extract media 
for “ bacitracin ’’ production and so forth. 

With these media in mind, several experiments were conducted with 
media of different compositions and the following medium was selected as 
a most suitable one for the production of the antibiotic. 


Meat extract 10g 
Peptone 10g 
KH,2PO, - 1 g 
NagHPO,-12H,O 0.25g 
NaCl 5g 
Agar 2.5¢ 
** Dokudami ” (Houttuyna cordata) concentrated extract 

2 cc 

Aq. dest. 1000 cc 


The medium was adjusted to pH 7.2 with sodium hydroxide and 
sterilized by autoclaving for 20 minutes at 15 pounds pressure. 

So-called ‘“* Dokudami extract ’’ was prepared as follows: The dried 
pieces of stems and leaves of “‘ Dokudami”’ (Houttuyna cordata) plant was 
extracted in amount of 200 g with 5000 cc water at 100°C for 5-6 hours 
and filtered. 

The yellowish brown extract thus obtained was concentrated to 1/10 
in vacuo and added at the rate of 2 cc per liter of basal media. 

This extract promoted in a suitable amount the production of the 
antibiotic as shown in Table I. It was seen from the table that this media 
gave the highest titer (1:640) by the serial dilution method against “ Tera- 
shima ”’ strain after the incubation for 1 day only and that there was an 
optimal amount (2 cc per liter) of ‘‘ Dokudami’’ extract in order to bring 
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TABLeE I. 


The Needed Amount of ‘‘ Dokudami” Extract to Promote the 
Production of Antibiotic. 





























































































































Incubated for 
Amount of extract 

No. 4 a) 1 day 2 days bs. days 4 days 5 days 

pH | Potency pH | Potency pH Petency Do! b eae pH | Potency 
“41[ 0 (7.2) 1:10 | 74) 1:10 74| 1:10 | 80) 1:10 | 8.2| 1:10 +) 
2 0.0002 | 7.2) 1:40 [74 1:20 | 74| 1:10 Prd ae 
“31 0.002 | 72) 1:80 74) 1:40 | 74 1:10 yee | 
4 0.02 72) 1:80 14 1:40 74) 1:10 as ta 
5 | 0.2 | 7.2' 1:160 | 7.2| 1:80 (74) 1:80 | : 
6 2 | 72. 1:640 /72) 1:160 76 1:80 76) 1:80 /80| 1:80 
“=| 4 (72, 1:320 7A) 1 :160 76 140 | 7.6) 1:40 “a0| 120 
8| iB /7.2| 1:60 | 76 1:160| 78) 1:20 |78|~1:20 | g4| 1:10 
9} 12 172! 12160 78 1:00 | 78! 1:40 78, 1:40 | 84) 1:10 
10 16 (7.2. 1:160 16 1 :160 78 1:80 78) 1:80 | 82| 1:10 
|* 24 7.2| 1:160 | 7.4 1:160 | 78) 1:80 | 7.8 | 1:80 | 8.2| 1:80 
| 32 72) «140 | 76 i160 [76/180 | 76) 180 | 0a) 1-00 
13] 64 72) 1:40 (76 1:160 76, 1:160 | 7.8] 1:80 | 8.0| 1:80 


Test organism :—staphylococcus aureus (Terashima strain). 
The potencies were expressed in dilution titer of culture filtrate. 
The extracts were concentrated to 1/10 of their original volume. 





about a highest potency of the culture filtrate. 

The active principle contained in “ Dokudami”’ extract was deter- 
mined by further study to be a sort of phytosterol.. In the latter part of 
this work the following media were used for the large scale production of 
the antibiotic. 


Meat extract 10g 
Peptone 10g 
KH2PO, lg 
NagHPO,12H,O 0.25 g 
NaCl 5g 
Agar 25g 
0.12é Cholesterol alcohol solution 10 cc 

Aq. dest. 1000 cc 


In this media Cholesterol promoted the production of the antibiotic 
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substances equally well as the active phytosterol isolated from “ Doku- 
dami” plant. Regarding the details a report will be made elsewhere 
(Okabe and Hosisima*’). 

Addition of a trace of metal salts such as iron, copper, zinc, and 
manganese, and several kinds of sugars, such as glucose and lactose was 
not adequate for the antibiotic production. 

Optimum temperature for antibiotic production was 30°C-32°C. 


Stability of the Antibacterial Substance 
Contained in Supernatant. 


a) Influence of the preservation. 

The potency of the centrifuged supernatant of the culture fluid, which 
was sterilized at 100°C for 10 minutes and kept at pH 5.0 at room tem- 
perature (13-28°C), was found to be constant during 30 days and 
decreased slowly until its potency dropped to 50% after 120 days. There- 
fore, the antibiotic can be preserved at weakly acidic pH range for a long 
time. 

b) Influence of the heating. 

When the active fluid was heated at pH 2.0, pH 3.0, pH 5.0, pH 7.0, 


pH 9.0, and a NaOH for 30 or 60 minutes, at 60°C or 100°C, its potency 


decreased to 1/2 at pH 9.0 for 30 minutes at 60°C, to zero at NaOH for 


30 minutes at 60°C, but at pH 3.0-5.0 it only slightly decreases even after 
the heating for 60 minutes at 100°C. 

c) Influence by oxidation and reduction. 

The decrease of potency is not caused by aeration of the centrifuged 
supernatant for 3 hours at room temperature, and by addition of sodium 
hyposulfite to the concentration of 1% and by keeping it for 3 hours at 
room temperature. 

d) Influence by filtration. 

The potency decreased to 1/10 when filtered through Seitz filter and 
to zero when filtered through a Berkefeld filter (w). There was no 
decrease in potency when filtered through filter paper. 

e) Bactericidal property. 

The centrifuged supernatant (bacteriostatic dilution titre 1: 320) 
diluted 320 times was not bacteriocidal, but that diluted 80 times or less 
was shown to be bactericidal. 


Toxicity of the Centrifuged Supernatant. 


The intraperitoneal injection of 2 cc centrifuged supernatant (dilu- 
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tion potency 1: 320) did not cause the death of mice weighing 15 g. 


Extraction and Purification of Active Substance. 


Various methods of purification such as precipitation of protein from 
the filtrate at its isoelectric point, absorption by active carbon, extraction 
by butanol, ether, etc. have been reported. 

The following procedures were carried out and their corresponding 
results recorded. 

The isoelectric point of the centrifuged supernatant of the culture 
fluid was pH 1.0-2.0. The protein precipitated by this method absorbed 
almost all the active principle in the fluid. Further purification, however, 
was difficult, because the active substance could not be extracted with 
alcohol, methanol or other organic solvents as it has been made by Dubos 
and others in case of “‘ gramicidin ’’ or “‘ tyrocidin.”’ 

Absorbtion of active substance on 2% carbon from culture fluid was 
complete at pH 6.0, whereas the eluation from the carbon was not possible 
in spite of using many kinds of organic solvents. When the centrifuged 
supernatant was shaken with the same volume of n-butanol, it was proved 
that the active agent was completely taken up by n-butanol. The further 
purification, therefore, was conducted according to the method of purifica- 
tion of bacitracin, because it was shown already by Johnson et al, that 
bacitracin dissolved easily in n-butanol in a similar way as this antibiotic. 

The harvest was centrifuged at its maximum titre (after one day’s 
culture at 30°C) at 3000 r.p.m. for 30 minytes and the supernatant after 
adjusting pH to 9,0 was shaken well with 2/3 volume n-butanol in the 
separatory funnel and was left at room temperature for 24 hours, until 
almost all the active substance was removed into n-butanol layer, which 
showed a slightly yellowish tinge. The butanol solution was evaporated 
under reduced pressure at 30°C-—40°C, being diluted with distilled water, in 
order to facilitate the evaporation and to keep the potency constant during 
the evaporation. When the butanol solution was reduced to ca. 1/3 of its 
original volume, the addition of distilled water was discontinued and the 
solution was further evaporated to 5-10 cc, until the active substance 
separated out as a solid in the pure butanol solution. When the suspen- 
sion was centrifuged, almost all active substance (90%) was present in the 
precipitate. This precipitate was washed with absolute alcohol and ether 
2-3 times respectively and dried in vacuo. The substance obtained was 
dissolved in warm butanol-water mixture and the same treatment des- 
cribed above was repeated once more. 

The dried substance was yellowish-white semicrystalized powder. 

From 2000 cc of centrifuged supernatant, 0.145 g. of such a powder 
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was obtained, which showed a potency of 1: 4,000,000 (dilution titre). 
_ The total potency of the powder was corresponding to 82.3% of the 
total potency of original supernatant (Table II). 


TaBte II. 
Extraction and Purification of Active Substance. 
Original harvest solution (1-3 days culture filtrate) 


Centrifuge (3000RPM for 30) 
P. 1:320, 2200 c.c. 


J 
Correct pH to 8-9 with 10% NaOH, 
extract with 2/3 volume n-butanol 





Water solution n—Butano! solution 
P 1:20 


Vacum concentration to 
ca. 10 cc at 30°-40°C 








centrifuge 
Precipitate Supernatant 
. Wash by abs. etitanol for 3 times 
Centrifuge 
PGs Sh Supertiliins (P 1:10.000) 


Washed by dried ether, 
desiccated to a solid in vacuo. 


Repetition of same treatment as above, yield 0.145 g. (p 1:4,000,000) 
corresponded to 
82.396 of the titre 
of original supernatant. 


Test organism :— Staphylococcus aureus, Terashima strain. 
OP isa tian are Potency expressed in dilution titre. 


Antibiotic Spectrum of the Active Substance. 


As illustrated in Table III, it showed against Staphylococcus aureus (Tera- 
shima and F.D.A. 209-p strain) a dilution titre of 1: 4,000,000, against 
Staphylococcus albus 1: 8,000,000. For Streptococcus hemolyticus 1:3,200, 
for pneumococcus I, II, III types 1: 16,000 using 1% serum broth as test 
medium and for Corynebacterium diphtheriae 1: 32,000 dilution titre. 

Among acid fast bacilli, against My. phlei 1: 320,000, against My. 
smegmatis and My. tuberculosis (aviane type), 1: 10,000 using 4% glycerol 
broth as test medium. 
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For Gram negative bacilli, it showed a lower titre than 1: 2,000. So 
this substance was effective almost selectively against Gram positive 




















bacteria. 
TABLE III. 1 
Antibiotic Spectrum. ° 
Strain Titre | | Strain Titre 
Staphylococcus aureus, | | 
Terashima 4,000,000 | Esch. coli | 2,000 . 
| Staph. aureus, ‘ 
F.D.A. 209-P 4,000,000 | | Eberth. typhi | 2,000 
| Staph. citreus 4,000,000 | S. paratyphi | 2,000 Cc 
‘ | Staph. albus 8.000.000 S. schotmiilleri 2,000 
is 
5 | Pneumococus ‘& | Bacterium paradysent. a 
o | Typel. 16.000 |.| 3 sonnei | 2,000 
S| e | | 3 . 
e £ |. twell 16.000 | | § | Vibrio cholerce | 4,000 ‘ 
‘a | » % | 
8 | Type III. 16.000 | | 2 | Proteus vulgaris | 2,000 
= | Cory. diphtheria 32,000 | =] Enterococus 2,000 l 
& | Bac. anthracis 126,000 | | & | Neisseria meningitidis 2,000 
| Myco. the, avium 10,000 | Pseudomonas ppocyanea 2,000 * a 
| Myco. phlei 320,000 a 
Myco. smegmatis | 10.000 | | 
| Strept. hemolyticus s200 | | | 
| Micrococcus tetragenus 10.000 | P 
rae ' 
Toxicity of the Substance. 
(1) Hemolytic toxin. I 
This substance does not show any hemolysis for cattle red blood cells € 
at 1: 1000 dilution. 
(2) The intraperitoneal injection of 20 mg of this substance in a mouse I 
weighing 20 g did not show any toxic effects during the observation for f 
one week, 
c 
Chemical Property of the Substance 
t 


1 per cent solution of the substance showed following chemical reactions: 


1) Biuret reaction (—) 

2) Mbolisch’s reaction (—) 

3) Xanthoprotein reaction (—) 
4) Millon’s reaction (—) 

5) Sakaguchi’s reaction (—) 
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6) Chlor reaction (—) 

7) Phosphor reaction (—) 

8) Nitrogen reaction (+) 

9) Vohl’s reaction (Sulpher) (—) 
The substance was soluble in water and water butanol mixture, not soluble 
in methanol, ethanol, aceton and other organic solvents. 


SuMMaRY. 


1) A strain of Gram positive, spore forming bacilli was isolated 
selectively inhibitory for Gram positive bacteria. 

2) This strain seemed to belong to the Bacillus subtilis group ac- 
cording to the morphological and biochemical properties. 

3) The colony on the nutrient agar plate was S type, unlike the other 
antogonistic strain already reported. 

4) The medium for the production of the antibiotic consisted of meat 
extract 10 g, peptone 10 g, KH,PO, 1 g, Na,HPO,.12H,O 0.25 g, NaCl 5 
g, conc. *‘ Dokudami’”’ extract 2 ce and tap water 1000 cc. 

5) The 24 hours culture of this strain in the medium at 30°C showed 
1: 640 dilution titre for ‘‘ Terashima ”’ strain. 

6) The active substance was found to be stable toward the heating 
at weakly acidic pH, toward the preservation for 6 months and toward the 
oxidation by aeration. 

7) The concentrated centrifuged supernatant was bactericidal. 

8) This substance was soluble in water and butanol containing water 
and insoluble in alcohol, ether, acetone, methanol and butyl acetate at 
pH 7.0. 

9) This substance could be extracted by shaking with butanol at 
pH 8.0-9.0. By this property its purification was possible to a certain 
extent. 

10) This antibiotic substance was active only for Gram positive 
bacteria. The dried powder showed 1: 4,000,000 dilution titre for Sta- 
phylocous aureus (Terashima strain.) 

11) Hemolytic activities were negative in a dilution of 1: 1000 of 
culture filtrate. 

12) The M.L.D. of this substance was proved to be larger than 
1000 mg per Kg of body weight of mice. The substance, therefore, seemed 
to be applicable for chemothrapeutic use. 
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Some substances to promote the production of antibiotics were re- 
ported already by many authors. 

According to Knight" the use of corn steep liquor in the media of 
Penicillium chrysogenum increased the production of Penicillin. Koffler and 
others?) investigated on the promoting elements of corn steep liquor and 
reported that one element was the combination of a Fe-ion and a soluble 
phosphor salt. 

It became clear that the phenyl-acetic acid is a cleavage product of 
penicillin G. So many authors investigated on the promoting action of 
phenyl-acetic acid and its derivatives for penicillin production. 

Higuchi and others,®) Jarvis and Johnson,*? Moyer and Goghill,® 
Cook and Brown,® and Umezawa” reported on the action of phenyl-acetic 
acid and its derivatives (for instance p-phenyl ethylamine, p-hydroxy 
phenyl acetic acid, phenylacetoamide, nitrophenyl acetic acid, p-amino- 
phenyl acetic acid, p-oxyphenyl acetic acid and one derivative contained 
in corn steep liquor.) 

Okunuki and others* had reported that some peptides had promoting 
activities on penicillin production. , 

Regarding the promoting substances for another antibiotic produced 
by actinomycetes, mould and bacteria, there are many decriptions to be 
mentioned.® 

One of us (H. Okabe)? had isolated a strain of Gram positive spore 
forming bacilli from some soils collected in Sendai, which possessed an 
antagonistic property. 

For the production of the antibiotic the following was used as a basal 
medium, 
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Meat extract 10 g 
Peptone 10 g 
NaCl 5g 
KH2PO, lg 
Na2HPO,12H,O 0.25 g 
Agar 2.5¢ 
Aq. dest. 1000 cc 


adjusted to pH 7.2. 


When cultivated on the basal medium, the antibiotic titre of the 
culture filtrate against Staphylococcus aureus (“‘ Terashima ” strain) was only 
1: 10. 

It was shown, however, that when ‘‘ Dokudami ” (Houttuyna cordata) 
extract, prepared as described below, was added at the rate of 2 cc per 
liter of the basal media, antibiotic titre increased to 1: 640 (in highest 
titre) after one day incubation at 30°C. 

With regards to the details of this antibiotic itself another paper will 
be written by one of us elsewhere.!” The present paper is concerned with 
the nature of the active substance contained in the extract and with the 
chemical isolation and purification of this substance. 


Isolation and Purification of the Substance, 


200 g. of dried pieces of Dokudami plant containing the stems and 
leaves were added with 5000 cc. of tap water and heated at 100°C, 5-6 
hours and filtered. The extract thus obtained was concentrated in vacuo 
at 40°C to 1/10 of original volume. The resulting precipitates which had 
no activity, were removed by centrifugation and discarded. The super- 
natant was proved to be active as described above. 

By adding to this supernatant methanol, ethanol, acetone, and am- 
monium sulfate at various concentrations, it was not possible to separate 
clearly the active substance. It was not possible also to extract the active 
agent with petroleum-ether, benzin, ligroin, xylene and toluen. 

In the course of purification, however, its was found that the active 
agent was throughly extractable by ether and ethylacetate and that the 
substance was always accompanied by sterol reaction. (Liebermann’s test). 

The purification of the substance, therefore, was performed as follows: 

The dried pieces of “‘ Dokudami”’ plant (including the stems and 
leaves) were extracted with ether, and the extracts were dried with sodium 
sulfat anhydride and evaporated. The oily residue was saponified with 
30% potassium hydroxide in alcohol by boiling for 3 hours and the resulting 
solution was diluted with water and extracted with ether. After desicca- 
tion of the extract the ether was evaporated. The resulting dark green 
masses were recrystallised by boiling absolute alcohol 12 times, and once 
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80% alcohol and the alcoholic solution of the substance was diluted with 
water and extracted with ether. The ether solution was dried and evapor- 
ated in vacuo and the residue was recrystallised by boiling in absolute 
alcohol 7 times, until pure substance was obtained. 

From 2600 g of dried ‘‘ Dokudami” were obtained ca. 1 g of pure 


substance. 


TABLE I. 
The Purification of the Active Substance. 
Dried pieces of ‘‘ Dokudami ”’ 2600 g 


Ether extraction for 24 hours at room temperature (20°-24°C) 





Extracts Residue 
dried with sodium sulfate anhydride and ether evaporated 
oily residue 
Saponification by 30% KOH-aleoho!, boiling for 3 hours 


diluted with water and extracted with ether 





Water layer Ether layer 
dried with Sodium sulfate and ether evaporated 
dark green masses 
Recrystallization from boiling + ee alcohol 12 times. 
crude crystals obtained 
Recrystallization from boiling 802 alcohol 
crude crystals obtained 
dissolved in absolute alcohel and diluted with water 


extracted with ether 





Waser layer Ether layer 
dried with sodium sulfate anhydride and ether evaporated 
Recrystallization from boiling absolute alcohol 7 times 
Pure samples 


(coloress plate; mp; 132°C-133°C) 
Yield; ca. 1.0g. 


Chemical and Physical Properties of the Active Substance. 


The pure substance thus obtained were crystals in the form of a 
colorless plate, and melted at 132°-133°C without decomposition. 
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The alcoholic solution of the substance was precipitated by digitonin 
dissolved in alcohol and the small needles crystallized out. (Digitonin 
test). 

When its chloroform solution was mixed with acetic anhydride and 
conc. sulphric acid, the solution became immediately yellow and showed 
a ting of fluorescence and later turned to yellowish green. (Liebermann’s 
test). 

When to the chloroform solution of the substance was added the solu- 
tion of trichloracetic acid, then the solution became faint red. (Rosenheim’s 
test). 

Further, when to the chloroform solution was added conc. sulphric 
acid and shaken well, the chloroform layer became red and soon turned 
to green, and later discoloured; the acid layer presented greenish fluores- 
cence. (Salkowski’s test). 

From the chemical and physical properties mentioned above, this sub- 
stance seems to be a certain sort of “ sterol,’ especially of phytosterol. 
From the point of view of the melting point this substance resembled most 
closely a certain sort of ‘‘ Sitosterol.” 


The Promoting Action of the Pure Substance for 
the Production of Antibiotic. 


When the substance was added to the basal media in the concentration 
of 0.0001 %, and a strain of the soil bacteria isolated by one of us, was cul- 
tivated in this media, the production of antibiotic titre reached its maximum 
after incubation for 24 hours at 30°C. The culture filtrate thus obtained 
completely checked the growth of Staphylococcus aureus (“‘ Terashima” 
strain) in dilution of 1: 160. 

As indicated in Table II it was proved that there was a optimal con- 
centration of this substance to obtain a highest titre of the culture filtrates, 
and higher or lower concentrations of the substance brought about a de- 
creasing of the titre. 

No biological differences—as such the degrees of the growth, those 
of the sporulation and the characteristics of colonies of the bacilli cultivated 
in the culture media with or without addition of the substance were con- 


firmed. 


The Promoting Action of Another Few Kinds of Sterols and 
of Phenantren Compounds for the Production of Antibiotic. 


As shown above already, this substance seems to be a certain sort of 
sterol, so another few kinds of sterol and of phenantrene compounds were 
examined on their activities. 
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nin Tasie II. 
nin Te Activity of the Pure Substance Obtained from the Ether 
Extracts of *‘ Dokudami.”’ 
ind 
red Dilution titre of the culture filtrate for 
: the inhibition of the growth of Sta. 
wie Concentration of the substance | aureus (Terashima strain) 
| to be added to basal media | incubated for (days) 
u- } i. — 
Ws —— 1 2 3 
~ ; | lower than lower chen lower than 
ic poner | 1:10 1:10 1:10 
ed 0.00524 1:10 1:10 lower than 
S- ! ——— — —EEE — — —— 
0.001% 1:40 | 1:40 1:10 
b- —— i — . socemarnieeeeeene 
1 0.0005 7 | 1:80 1: 80 1:40 
i. ee ee 
st 0.0001 2 1:160 | 1: 80 1: 80 
0.00005 92 1:80 1:80 1:40 
0.00001 24 | 1:40 1: 10 * lower than 
hi enanieaee cee os 
: | lowerthan | lowerthan | __ lower than 
. without substance | 1:10 1:10 1:10 


As shown in Table III, it was elucidated that phenantrene, cholesterol, 
follicular hormone (C,,H,,O,), and testicular hormone had an almost same 
activity, while a sample of phytosterol (mp. 102°C), Sodium desoxycholate, 
Sodium acetylcholate and Sodium xylocholate had no such activity. 

As it was proved that cholesterol was active and easily obtainable, 
the following media were used usually in the latter part of experiment. 


Meat extract 10 g 

Pepton 10 g 

NaCl 5g 

KH 3PO, lg 

NagHPO,12H,O 0.25 g¢ 

1% Cholesterol (alcoholic solution) 10 cc . 
Aq. dest. 1000 cc 

SuMMARY. 


1) A certain sort of sterol was isolated from Houttuyna cordata 
(Dokudami), a japanese plant drug, which had the ability to promote the 
production of the antibiotic substance produced by a certain strain of Gram 
positive, spore forming bacilli. 
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TaBLe III. 


The Activities of Phenantrene and Sterol Compounds to Promote the 
Production of the Antibiotic Substance. ; 












































Sodium xylocholate 





Control (without substance) lower than 1:10 


Optimal concentration — , 
of the substance to be Dilution titre of the 
Suh _ added 0 “er culture filtrate for the 
ubstances to be added media ter the mantel pocnee aype ro the 
production of anti- or SF a pees 
biotic (Terashima strain) 
This substance 0.0001 22 | 1: 160 
Phenantrene 0.001 22 1:80 
Cholesterol 0.0012 | 1: 320 
Follicullar hormone 0.0005 2% | 1:80 
Testicular hormone 0.0005 % | 1:320 
A sample of phytostrol (mp. 102°C) | 0.012¢¢—-0.0000123 | lower than 1:10 
Sodium desoxycholate | ditto ditto 
Sodium acetylcholate | ditto ditto 
ditto ditto 
| 


2) It was proved, that the sterol isolated from the plant closely 
resembled sitosterol from the chemical and physical points of view. 

3) There was a optimal concentration of this sterol to promote the 
production of the antibiotic. 

4) It was shown that Phenantrene, cholesterol and other similar com- 
pounds had almost similar activities. 


We wish to express our thanks to Prof. M. Kuroya for his guidance and his 
kind advice. 

We also express our thanks to the staff of the Institute of Tuberculosis 
and Leprosy, of the Pharmacological Department and of the Department of the 
Organic Chemistry, Tohoku University who kindly gave us phenantrene and 
sterol compounds. 
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Since antagonistic phenomena between some microorganisms were 
mentioned by Pasteur and Joubert in 18771), especially the phenomena 
towards the pathogenic bacteria were observed by many authors, because 
of its close relationship to the treatment of infectious diseases. 

In the study of antagonistic reactions between mould and micro- 
organisms, Yabuta*®) reported that the Kojic acid from Aspergillus oryzae 
inhibited the growth of some species of microorganisms at | : 200 dilution, 
and Oxford® et al confirmed it. Vaudremer et al*) observed that Asper- 
gillus fumigatus macerated the tubercle bacilli and removed its acid fastness 
as well as its toxicity and that the treated bacilli did not cause any symptoms 
when injected into the peritoneal cavity of guinea pigs or into the cephalo- 
arachinoidal canal of rabbits. Machado® discovered that one strain of 
mucor made tubercle bacilli non-acidfast, and the treated bacilli preserved 
an excellent antigenicity in the complement fixation test for tuberculosis. 

Since the modern systematical researches on the antibibotics originated 
from the discovery of ‘‘ penicillin’ by Fleming® and since their chemo- 
therapeutic applications by Florey, Chain and others,” the subsequent 
innumerable researches on penicillin and other antibiotic substances from 
moulds, actinomycetes and various microorganisms are now going on. 

On the other hand, Raistrick and his coworkers®) made systematical 
studies on the biochemistry of moulds since 1931, and obtained many 
crystalline substances. Since 1940, they also tested the antagonistic powers 
of their crystalline substances.* 

In our laboratory Hamagami and Hosisima® obtained an inhibitory 
substance in crystalline form from one strain of penicilliums, and it was 
proved to be particularly inhibitory to certain Gram negative bacilli. 

The author also isolated a certain strain of Penicillium monoverticillata 
stricta from a soil, the culture filtrate of which had been proved to be 

273 











974 K. Hosisima 


antagonistic against many Gram positive bacilli and cholera vibrio. The 
present article presents the details about the substance. 


Characters of the Mould. 


The colony on Czapek-Dox agar appeared as a white fluffy mass, 
growing slowly on it, the center became pale gray, and later in old culture 
darkened to greish dull green. After five days of incubation a yellow color 
was produced in the media, and in some cases there appeared on the surface 
of some colonies small drops of yellow fluid. 

Reverse of colonies uncoloured, the conidial chain was in compact 
columns, conidia subglobose spinulose, conidiophor wall smooth, colony 
velvety with simple conidiophores, mainly rising from submerged hyphae. 

According to the opinion of Dr. T. Simbo (Biological Department, 
Faculty of Science, Tohoku University.) this strain was thought to be 
closely rasembling to Penicillium spinulosum Thom.) 


Methods of Examining Cultures for Antibacterial Substances. 


The inhibitory power could be estimated as follows. 

The culture filtrates to be tested were serially diluted in saline solu- 
tion and to 0.5 cc of each neutralized solution were added 4.0 cc of fresh 
nutrient broth, and then all tubes were implanted with 0.5 cc of 8 hours 
broth culture of test organisms. After 12 hours incubation at 37°C, the 
inhibitory power was estimated by, the degree of turbidities caused by the 
growth of microorganisms. 

In the case of Streptococcus haemolyticus, Str. viridans, Diplococcus pneu- 
moniae, Diplococcus gonorrhoeae, Diploc. meningitidis, Corynebacterium diphtheriae, 
Brucella melitensis and Brucella abortus, 1 cc of serially diluted culture filtrate 
was mixed with 9cc of blood agar, and 18 hours broth cultures of bacteria 
were inoculated on solidified agar. After 12 hours incubation at 37°C, 
the titre was noted. 

In the case of acid-fast bacteria, glycerol broth agar was used instead 
of blood agar. 


Culture of the Mould. 


The.conidia of 10 days old cultures of this Penicillium grown on 
Czapek-Dox sodium nitrate-glucose agar™) were planted on Czapek-Dox 
sodium nitrate 5% glucose solution, which was adjusted with 10% HCl to 
pH. 3.0. 

After 11 days incubation at 22°C-24°C, the inhibitory power reached 
its maximum. 

The author examined besides the culture medium mentioned above, 
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Fig. 1. The daily rate of minimal dilution of culture filtrate to inhibit 
Cholera vibrio. 
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The mould was cultivated in flasks for production of tuberculin (200 cc) 
at 23°C. 
Initial pH was adjusted to pH 3.0. 
Dilution titre , PH of filtrate - - - - - - : 








the nutrient broth with or without 3% glucose or saccharose, Czapek-Dox 
solution with 1 or 2% sodium glutamate and Czapek-Dox solution con- 
taining 3, 4, 5 and 6% glucose or saccharose. The initial pH of each 
media was adjusted by HCl-or NaOH solution-to 3.0, 5.0, 7.0, and 9.0. 

The most suitable media for producing the antibacterial substance 
was the Czapek-Dox media containing 5% glucose, initial pH of which 
being adjusted to pH 3.0 by HCl, 

It was interesting that the antibiotic potency of this mould was very 
sensitive to the quantity of Fe-ion contained in media. The potency dec 
reased almost to zero not only by adding Fe,SO,-7H,0 as twice of original 
quantity (0.2 g/per L), as it is contained in Czapek-Dox solution, but also 
by the increase of Fe-ion concentration due to its dissolution from cultural 
glass bottle into media, and also in this case the media turned always to 
deep violet. 

In order to prepare suitable media, therefore, distilled water contain- 
ing Fe-ion below 0.1 mg per 1 calculated ‘as Fe,5SO,-7H,O was employed 


in any case. 


Properties of the Filtrate. 


(1) Inhibitory power of the filtrate on various microbes. 
Table I showed the extent to which various microbes, pathogenic and 
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TABLE I. 


The Minimal Dilution of Cultures Filtrate to Inhibit 
Various Kinds of Microorganisms. 











Microorganisms Dilution of filtrate 
Staph. aureus (Terashima strain) | 1: 500 
Strept, haemolyticus 1: 150 
» viridans 1: 100 
Streptococcus faecalis lower than 1: 10 
Pneumococcus 1: 150 
Gonococcus 1: 200 
Meningococcus 1: 100 
B. anthiacis | 1: 150 
K. pneumoniae. lower than 1: 10 
C. diphtheria 1: 200 
Cholera vibrio | 1: 500 
S. typhi lower than 1:10 
S. paratyphi A | ditto 
” B ditto 
S. typhimurium ditto 
Shigella dysenteriae (Shiga) ditto 
Shigella dysenteriae (Komagome-A) | ditto 
S. enteritidis ditto 
E. coli ditto 
Ps. aeruginosa ° ditto 
Proteus vulgaris (x 19) 1: 100 
Pasteurella pseudotuberculosis . lower than 1: 10 
Brucella melitensis 1:10 
Brucella abortus Bang 1:10 
non. pathogenic acid fast bacteria lower than 1: 10 
(No. 25) . 
ditto 1:20 
(No. 426) | 


non-pathogenic, were inhibited by this filtrate. 
Cholera vibrio and Staphylococcus aureus were most sensitive, Streptococcus 
haemolyticus and Str. viridans, Pneumococcus, Meningococcus, Diphtheria 
bacillus, and Anthrax bacillus were remarkably sensitive, Proteus vulgaris 
(X-19), and some strains of non-pathogenic acid-fast bacilli were sensitive 
to a certain extent. Salmonella group, Dysentery bacillus, Bacillus coli 
communis, K. pneumoniae, Ps. eruginosa and others were not affected. 
(2) The bactericidal power of filtrate to Staphylococcus aureus and cholera 
vibrio. 
To 1 cc of serially diluted filtrate were added 8.5 cc of nutrient 
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broth and 0.5 cc of broth containing 0.0006 mg. of 8 hours culture of test 
organisms. The tubes were then incubated at 37°C, and at certain in- 
tervals 0.02 c.c. test fluids were taken and streaked on the nutrient agar 
plate. , 

The bactericidal power could not be shown against Staphylococcus 
aureus, but it killed cholera vibrio in dilution of 1: 200 after 12 hours at 
37°C. 

(3) Influence of preservation. 

On preservation, the pH of the filtrate was an important factor. At 
pH 1.0 to pH 3.0 the antibiotic power decreased very slowly and it was 
effective (1: 10) even after 30 days at room temperature, while in neutral 
or alkaline reactions the potency was completely lost after a few days. 
(4) Effects of heat. . 

pH also played an important role in this case. When heated in pH 
1.0-3.0 for 1 hour at 100°C, the effects were very slight; but at neutral or 
alkaline reaction, even heating’ 1/2 hour at 60°C, destroyed ‘the power 
completely. 

(5) Effect of filtration. 

Passage through Seitz filter (No. 85. Toyo Filter Paper Co. Ltd.) or 
Berkefeld filter (Shofu, N) had no effects upon the antibiotic activities. 
(6) Effects of oxidative treatments. : 

It was an interesting fact, that by some oxidative treatments of the 
filtrate, the antibacterial power was increased two or three times of original 
one. Bubbling the air through the active fluid at room temperature the 
titre increased 2 or 3 times that of the original titre. 

(7) Toxicity of the filtrate. 

a) Toxicity for mice. 

The toxicity for mice was relatively low. 0.5 cc of filtrate injected 
intraperitoneally into mice weighing about 12 g induced no _ toxic 
symptoms; 0.7 cc of filtrates, 1 out of 4 died 19 hours after the injection. 

b) Hemolytic action upon cow’s erythrocytes. 

To the serially diluted filtrate fresh cow erythrocytes were added at 
the rate of 5%, and incubated at 37°C. After 1 hour at 1/2 dilution, 
hemolysis was distinct; but by bubbling the filtrate, hemolysis was pre- 
vented even after the incubation for 12 hours at 1/2 dilution. Czapek- 
Dox media itself had no hemolytic activity. 


Preparation and Properties of the 
Antibacterial Substance. 


(1) Purification of the antibacterial substance. 
Many procedures were done to obtain the active substance in pure 
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form, and the method finally adapted was as follows. 

After 11 days incubation, the metabolic solution was filtered, and 
the mycelium was washed with distilled water and squeezed. Filtrate, 
washings and squeezings were combined, and bubbled at room tem- 
perature until no more increase of the inhibitory power observed. It 
ordinarily required 5 to 6 hours. 

Then the whole liquid was concentrated in vacuo at 40°-45°C to 1/15- 
1/20 of its original volume, and acidified with HCl to pH 2.0, and then 
thoroughly extracted with ether or ethyl acetate. 

The extracts were dried with sodium sulfate, evaporated and then 
dried in the descicator over conc. sulfuric acid. Then there were seen 
small needles crystallized out from a brown gummy mass. The crude 
substance was obtained by washing the mixture with small volume of 98 
per cent methanol. 5000 cc of the culture filtrate yielded the crude sub- 
stance in amount of 0.6 g. 

The crude substance was purified by recrystallizations from boiling 
98 percent methanol, and faint orange color needles were obtained. 

(2) Chemical properties of the pure substance. 

The pure substances were faint orange color needles, and almost in- 
soluble in water, cold ligroin, CH;Cl, CCl,, and gracial acetic acid; 
slightly soluble in cold methanol, cold ethanol, ether, ethyl acetate, benzen 
and toluene; readily soluble in cold H,SO,, NaHCO, solution, in hot 
methanol, hot ethanol, aceton, nitrobenzol and pyridin. 

On heating it melted without decomposition at 184°C—185°C. 

It did not contain N, Halogen, S and P. It gave a faint pink color 
with diazo-reagent, (OH-reaction, Rosenthaler!*’); it gave a brown color 
with FeCl, (phenol OH reaction, Weinland’*’); when it was boiled with 
HJ and the gas produced was brought into the alcoholic solution of AgNO,, 
there occurred immediately a white precipitate, (methoxyl or ethoxy] re- 
action, Zeissel’*); If its alcoholic solution was added to a small volume of 
NaHCO, and also a few drops of dilute potassium permariganate solution, 
the color immediately changed to brownish black and then black crystalls 
appeared, (double bond reaction, Bayer?’). 

(3) Biological properties of the substance. 

Table II shows the bacteriostatic power of slightly impure sample 
(mp. 183°C-185°C). Staphylococcus aureus and cholera vibrio were inhibited 
1: 1,500,000 dilution; Gonococcus 1: 700,000, Anthrax and Diphtheria 
bacillus 1: 500,000, Streptococcus hemolyticus and viridans, Pneumococcus and 
Proteus vulgaris (X 19) 1: 300,000, Brucella melitensis and abortus 1: 100,000. 

Salmonella group and Coli-Dysentery group 1: 10,000 to 1: 40,000. 

0.1 mg of the substance suspended in saline was injected intraperi- 
toneally into mice weighing about 15 g died after 48 hours. 
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TABLE MII. 


The Minimal Dilution of the Substance Inhibitory 
Toward Various Microorganisms. 








Microorganism | Dilution of the substance 

Sta. aureus (Terashima strain) 1: 1,500,000 
Strept. hamolyticus 1: 300,000 

» viridans | 1: 300,000 
Streptococcus faecalis 1 10,000 
Pneumococcus | 1: 300,000 
Gonococcus | 1: 700,000 
Meningococcus 1: 300,000 
B. anthracis 1: 500,000 
EK. pneumonia | ] 20,000 
C. diphtheria | 1: 500,000 
Cholera vibrio 1: 1,500,000 
S. typhi | 1: 40,000 
S. paratyphi A 1: 40,000 
S. paratyphi B | 1: 40,000 
S. typhimurium 1: — 30,000 
Shigella dysenterie (Shiga) 1: 40,000 

Pe bs (Komagome-A) 1: 40,000 
S. enteritidis 1 30,000 
E. coli 1 20,000 
Ps. ceeruginosa 1 30,000 
Proteus vulgalis (X 19) 1: 300,000 
Pasteurella pseudotuberculosis 1: 20,000 
Brucella melitensis 1: 100,000 

2 abortus Bang 1: 100,000 





The substance was preserved in the desiccator at room temperature 
for 1 year, but it did not decrease its biological activities. 


On the Purple Pigment Produced in Culture 
Media. 


(1) Purple Pigment produced in culture media. 

As already mentioned above, when the media contained an excess of 
Fe-ion, the culture filtrate became deep violet when this mould grew on 
the surface. On the other hand this strain was closely related to Penicillium 
spinuloaum Thom. In 1931 Birkinshaw and Raistrick!® reported that they 
had isolated a purplish black permanganate-like crystal from the culture 
media of Penicillium spinulosum series and named “ Spinulosin.” 

It will be possible, therefore, to isolate by a somewhat similar method 











980 K. Hosisima 


the purplish-black crystal identical with Spinulosin from the culture media 
of this mould. 

When this mould was grown on the modified Czapek-Dox media con- 
taining 20 times the usual amount of Fe,SO,-7H,O (200 mg per 1) at 22°C- 
24°C, after 4-6 days a purple layer appeared immediately under the 
mycelium and gradually spread downward till the whole medium became 
purple. After 1 to 14 months the purple pigment turned to yellow and 
this also spread downward slowly till all the medium became yellow. 

The conidia of 10 days old cultures of this mould were sown on the 
modified Czapek-Dox media, and after 14 days incubation at 22°C-24°C 
the FeCl, reaction reached its maximum, then the metabolic solution 
was filtered and the mycelium washed with water and squeezed. The 
whole liquid was evaporated in vacuo at 40°-45°C to 1/20 of original 
volume, and the conc. H,SO, was added to normality, and then the mix- 
ture boiled for serveral hours under the reflux condencer. The cooled solu- 
tion was throughly extracted with ether, and the extracts was dried with 
Na,SO, and evaporated. 

The purple microcystals appeared in the brown pasty mass. When the 
mixture was heated in an oil bath in vacuo, the purple needles began to 
sublimate at 140°C under the pressure of about 10mm Hg. Even after 
4 repeated sublimations it was not possible to obtaine the pure samples. 
According to the method of Raistrick two recrystalizations were made from 
boiling toluene, pure samples were obtained. 

From 3500 cc of culture filtrate 65 mg of pure substance were ob- 
tained, 

To the mother liquor after ether extraction NaOH solutions was added 
and the air was bubbled through it for several hours, and then the solution 
was made acid with HCl, an almost black precipitate occurred. The 
precipitate was extracted with boiling alcohol and dried. The purple 
black crystals appeared, but the author could not identify it, because of 
its too small amounts. 

(2) Properties of the purple pigment. 

This was very slightly soluble in cold water, more soluble in warm 
water, giving an deep violet tone which on acidifying changed first to pink 
and then yellow. When neutralized with NaOH the solution became 
again deep purple, and if it was made more alkaline changed to faint blue. 
This immediately decolorized the acidified permanganate solution and 
gave a deep brown colour with FeCl. 

It melted without decomposition at 202.5°C-203.5°C and was in- 
hibitory to Staphylococcus aureus (Terashima strain) at 1: 1,000 dilution. 

For the preparation of acetyl compound of this substance 0.1 g of 
the sample was mixed with | cc of acetic anhydride and a drop of conc, 
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H,SO,. The mixture was heated for few seconds and poured into cold 
water, and then the crystals separated. The crude crystals were re- 
crystallized with absolute ethanol. The crystals melted at 139°C. This 
was identical to the diacetyl compound of spinulosin. 


SUMMARY. 


There were two substances isolated from the culture filtrate of this 
mould, one had a “fumigatin’’ (3 hydroxy-4 methoxy-2: 5-toluquinone.)*”) 
‘"—like activity against microorganisms, and the other was identical with 
spinulosin (3:6 dihydroxy-4 methoxy-2: 5-toluquinone.) 

According to Oxford,*’ fumigatin was inhibitory toward Staphylococcus 
aureus and cholera vibrio at 1: 30,000 to 1: 50,000 dilutions respectively, so 
the antibiotic substance of this mould was about 30 times stronger than 
fumigatin. Fumigatin melted at 118°C and this substance at 184°C~ 
185°C. Fumigatin could be sublimated in vacuo, while this substance 
could not be, and in other chemical properties the substance was shown to 
be definitely different from fumigatin. 

Oxford®) also studied on the antibacterial activities of several kinds 
of toluquinone derivatives, and found that 3: 6-dihydro-4-methoxy-2: 5- 
toluquinone and 3-hydro-4: 6-dimethoxy-2: 5-toluquinone, which were 
synthesized by them, were far more active aginet Staphylococcus aureus than 
fumigatin. 

Regarding with antibacterial powers, the substance isolated would be 
closely resembling to thesé substances. 

Raistrick® said that the morphological and physiological classifica- 
tion of the moulds was closely paralleled to the biochemical properties of 
the metabolic products of the moulds. In the former part of this work it 
was mentioned that this mould was closely related to Penicillium spinulosum 
which produced spinulosin in its culture media and the identity of the 
pigment which was produced by this mould with spinulosin confirmed the 
opinion. 

On the other hand Raistrick and others'*) separated spinulosin from 
the metabolic solution of Aspergillus fumigatus Fresenius, which on Rhaulin- 
Thom’s media produced fumigatin.'7) On the contrary it was a very in- 
teresting fact that this mould, being closely related to Penicillium spinulosum 
Thom, produced a substance which showed fumigatin like activities to- 
ward certain microorganisms. 


I wish to express my sincere thanks to Professor M. Kuroya for his helpfu 
guidance and his kind advice. 
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Liebermann reaction” of proteins was considered by Hofmeister?) as 
due to the carbohydrate and oxyphenyl compound in the protein molecules, 
but later on, Cole*) pointed to the presence of glyoxylic acid, that con- 
denses with tryptophane, in protein preparations dried after washing with 
ether. On the other hand, whether proteins are prepared with or without 
the use of ether, we often notice the occurrence of a red to violet colora- 
tion on heating of them with a strong mineral acid (H,SO,, HCl). This 
may be ascribed to furfural production by acid when carbohydrate-con- 
taining protein are treated, as Cole® mentioned. But, be that as it may, 
during a scrutinous examination of the reaction I was led to the discovery 
that, in many porteins, a non-aldehyde, non-sugar, basic component is in- 
volved which gives with tryptophane a purple red coloration by the aid 
of a hot acetic and hydrochloric acid mixture. Such proteins as gelatin 
and zein, which are devoid of tryptophane, also possess the unknown con- 
stituent or structure in the molecule and give rise to the reaction after 
addition of tryptophane. On elastin, salmin and collagen, the reaction 
resulted in negative notwithstanding simultaneous use of tryptophane. 

Details regarding the elaborated procedure of the test, trials to separate 
the unknown component in question and the investigation into the nature 
of it will be seen below. 


EXPERIMENTAL. 
The Present Reaction does not Occur by Tryptophane alone. 


The acetic acid-hydrochloric acid test of proteins is most adequately 
carried out as follows:—A small quantity of proteins is boiled for a short 
time on a free flame with 0.5 c.c. of glacial acetic acid (redistilled with 
potassium permanganate) and 2-3 drops of conc. hydrochloric acid. 
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When about 0.1 mgm. of tryptophane was heated with 0.5 c.c. of 
glacial acetic acid, one drop of glyoxylic acid and a varying quantity 
(0.05-0.5 c.c.) of conc. hydrochloric acid, yellow but not red color develop- 
ed. A similar result was again obtained when glyoxylic acid was replaced 
with about 0.5 mgm. of galactose, whereas blue or violet colour appeared, 
as is known, when tryptophane was boiled merely with conc. hydrochloric 
acid either after treatment with ether or after addition of glyoxylic acid 
or of galactose. The examination with glacial acetic acid and conc. 
hydrochloric acid were further conducted by restricting the amount of 
the latter acid to 2-3 drops and using formaldehyde or acetaldehyde or 
furfural instead of glyoxylic acid. Here a very faint and transitory red 
coloration was observed only in the last case (Yellow coloration in the first 
two cases). The positive sequel of the present acetic acid-hydrochloric 
acid test on proteins was thus demonstrated not to owe at least to trypto- 
phane alone, because even by addition- of aldehydes, a red colour was 
scarcely developed by tryptophane under the conditions preferred. 


The Test on Proteins. 


In Table I are listed the results of the present test on proteins together 
with those of Liebermann and of p-dimethylaminobenzaldehyde reaction 
of tryptophane. For Liebermann test the proteins were treated with ether 
in advance. The three assays gave concordant.results, which apparently 
implies that tryptophane is a component necessary for the positive acetic 
acid-hydrochloric acid test. So, followingly, the proteins with the nega- 
tive reactions were assayed with respect to the new test after addition of 
tryptophane (about 0.1 mgm.). As is seen in Table II, zein and gelatin 
(E. Merck) showed the positive reaction, but in elastin, salmin and collagen 
(from flexor digiti pedis profundus of bull) the reaction ended again in 
negative. The former proteins contain a second component or structure 
requisite for the reaction contrary to the latter. Why does gelatin respond 
to the reagents despite of the inertness of collagen, its mother substance ? 
The commercial gelatin may involve the unknown factor originating in a 
source other than collagen. To investigate into this possibility, collagen 
(the material above) was changed into gelatin by heating with water at 
between 70 and 80°C. The product obtained was found to give the posi- 
tive reaction. On this basis the structure participating the reaction to- 
gether with tryptophane was supposed to be formed or bared by the 
thermic conversion of collagen. 

In the next, various ordinary amino acids and related compounds 
were subjected to the same test with and without tryptophane (Table IIT), 
but none of them gave the positive reaction. 
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TaBte I. 


Occurrence, in Proteins, of the Acetic Acid-Hydrochloric 
Acid Reaction and Liebermann and f-Dimethylamino- 
benzaldehyde Tests for Tryptophane. 


+: the positive reaction. —: the negative reaction. 





. | Dimethylamino- 
CH,COOH-Hc!| Liebermann 6) ‘hb enzaldehyde 


| 
} 

Protein reaction for 
} 





reaction | Gypeophane | feaction fo 
Eggalbumin E. Merck + aa ob 
Serumalbumin E. Merck | + ~ | 4+ 
Edestin + + (weak) + 
Zein ~s -_ | se 
Oryzenin + rs Pye 
Glutenin + 4 
Salmin sulfate -- _ - 
Elastin fr. lig. nuchae of bull | - _ — 
Collagen fr. flexor digiti pedis prof. be, = in 
of bull 
Gelatin E. Merck - _ _ 
Silk fibroin + - “fo 
Sericin + re Ps 
Caseinogen (Hammarsten) ao + + 
Vitellin + + & 
Funis mucin precip. at pH 2.0 + + + 
(Masamune and Yasuoka) | 
eat fr. whale cartilage re + + 
spore ery : : + 
Ovomucoid + + + 
Salivary mucin (Hammarsten) + > +(weak) 
My Ls ata covering + = +(weak) 
Paramucin (Mitjukoff ) + & = 
Pseudomucin (Hammarsten) + + + 


A Trial to Isolate the Unknown Component of Proteins and 
Nature of It. 


I. 


An attempt was made to separate the unknown constituent of proteins 
after long digestion of 100 gm. of caseinogen Hammarsten with canine 
pancreatic juice at pH 8.0. A detailed description will be superfluous 
because of having been unsuccessful of the experiment. 
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TaBLe II. 


The Acetic Acid-Hydrochloric Acid Reaction is Given by 
Some Proteins Devoid of Tryptophane, when this Amino 
Acid is Added. 


+: the positive reaction. —: the negative reaction. 





| CH,COOH-HC! test 











Protein | Tryptophane is | Tryptophane 
not added is added 
Zein ee + 
Salmin sulfate - a 
Elastin fr. lig. nuchae of bull - - 
Collagen fr. flexor digiti pedis prof. of bull | - _ 
Gelatin E. Merck - + 
Gelatin fr. the collagen above. | _ | a 


The digestate (5 /) was condensed and tyrosine, methionine, leucine 
and other crystalline deposits which successively came out were separated 
off. The final syrupy fluid (about 100 c.c.) were precipitated with ab- 
solute alcohol and the mother liquid and methanol extracts of the pre- 
cipitates were distilled together in vacuo to dryness (Fraction A). Most 
of the compound searched for came over into this fraction (In this and 
following cases the test was always made with addition of tryptophane). 
Fr. A was subdivided furtheron by means of mercuric acetate + baryta 
(added to neutral), 20% phosphotungstic acid in 5% H,SO,, basic cupric 
carbonate and Ag,CO, in turn. The compound in question was not or 
scarcely thrown down by these precipitants. The mother liquids are 
named B, C, D and E respectively for convenience’ sake. Then, the pre- 
cipitates were suspended in water and from them as well as from the mother 
liquids the used precipitants were eliminated by appropriate agents. The 
clear solutions obtained were evaporated and on the residues was made 
the test. The compound could not be isolated at last, but observations on 
the active fractions which will be enumerated below suggested its nature. 

On Fr. A: i) The unknown compound emigrated to the cathode, 
when this fraction was subjected, as dissolved in water, to electrophoresis. 
It looked thus basic. 

ii) Parts of A were boiled under reflux with 1 n. HCl and with 5% 
baryta for 1 hour, but both of the remainders evaporated immediately and 
after removal of barium gave the positive reaction. 

On the farction in B: Phenylhydrazine gave no insoluble hydrazone. 

The experiments with the fraction in C. 1) On the watery solution 
of this fraction: i) The solution neither reduced hot Fehling solution nor 
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TABLE III. 
The CH;COOH-HCI Test on Amino Acids and Related Compounds. 


—: the negative reaction. 





CH,COOH-HC] test 








mae Tryptophane Tryptophane 
isnot added | is added 
Glycine -' 7 
a—Alanine roe we 
D,L-Valine ae be: 
Leucine - = 


Phenylalanine - _ 
Tyrosine sia si 
Cystine _ -- 
Proline _ -: 
Aspartic acid _ — 
Glutamic acid _ - 
Histidine hydrochloride _ - 
Arginine hydrochloride _ - 
Lysine dihydrochloride i - a 
Glycine-anhydride _ - 
3,6—Dianisal—2,5—diketopiperazine - os 
3,6—Dibenzal-2,5—diketopiperazine _ - 
Phenylalanine-anhydride -- _ 
Glucosamine hydrochloride _ -- 
Glucosaminic acid — - 
N-Acetylglucosamine — - 
N-Acetylchondrosin (Kobayasi) - - 


Psychosin ne ‘as 


was Molisch-positive; ii) the solution was acidified to pH 3.0 with HC: 
and shaken with ether, but the unknown substance being looked for did 
not pass over into this solvent; iii) yellow colour developed on dropping 
the solution into very dilute FeCl,;; iv) no precipitate was given, when 
the solution was treated with flavianic acid and with sat. mercuric chloride 
and sat. sodium acetate. 2) On the alcoholic solution: It gave neither 
2,4-dinitrophenylhydrazone nor Schiff’s base with f-nitroanilline nor any 
precipitate with alcoholic solutions of platinum and auric chloride and 
picric acid. 

The fraction in E was ignited. The residual ash did not give the re- 
action. 
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II. 


Besides above, submaxillary mucin was boiled with 10% baryta, 
avoiding the risk of contact with CO, by means of soda lime, for 24 hours, 
and caseinogen with 33% sulfuric acid for 48 hours. In the former case 
the compound was not decomposed (Here tryptophane was not used for 
the test). In the latter case, it was found wholly broken up (The test was 
negative not only without but also with tryptophane). 


Through the Grant Committee of National Research Council was given 
a grant from the Education Department in aid to us, which is gratefully ack- 
nowledged. H. Masamune. 
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There have been contrived many sorts of methods concerning the 
examination of functions of the liver. Nevertheless, on the whole, they 
could not be generally applied with certainty to them, though some of them 
were of interest in idea; most of them were inconvenient for the purpose 
of clinical use, and really ideal ones were scarcely to be found among them. 
However, since the method of santonin charge examination was advocated 
by Morinaka,” Ishikawa*®) and afterwards by Moukhtar and Djévat,® 
this new idea has been followed by many scholars*)®), critical examinations 
performed by Ishii and Weng,® etc. proved its convenience, and it is now 
thought to be an excellent method for examiners. 

The principle of this method can be summarized as follows:—Charged 
santonin sodium, which suffers definite chemical changes in the liver, turns 
to be santonin pigment, i.e. “* santogenin ”’ as it is called by M. Jaffé” and 
then excreted in urine. Our method consists of the colorimetry of red 
color tone which is obtained by adding some alcali to this pigment. 

It has been already confirmed by the surveys of Kato,®’ Ono, Yoshi- 
da, Yashiro,® Ito,!® etc. that the chemical change which santonin sodium 
undergoes to turn to be santogenin takes place wholly or almost wholly in 
the liver. 

According to the method of Ishii and Weng,® it was planned the time 
of first appearance of santogenin in urine, the total quantity of excreted 
pigment and the time of maximum excretion to estimate, and from the 
above three standpoints tried to investigate the rise and fall of antitoxic 
function of the liver. 

The primary aim was to pursue the latent disturbance of the liver. 
First, as cases for comment, the results obtained from healthy men and 
liver patients is to be stated. 


Method of Examination. 


When the examination is to be practised, the person for it is limited 
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his drinking water since the previous day. On the appointed day, he is 
forbidden to take breakfast, and after his urination is over, 200 cc of water 
is given to him; at the same time, santozol (10% santonin) 1 cc is injected 
in his vein. And after the injection is performed, his urine is taken 12 
times; 10 minutes, 20 minutes, 30 minutes, 40 minutes, 50 minutes, I hour, 
14 hours, 2 hours, 24} hours, 3 hours, 34 hours, 4 hours after respectively. 
First, the time of first appearance of pigment is determined, and this gives 
the first mark. Then urines obtained with intervals of 30 minutes are 
accumulated, the relative quantity of the excretion are calculated by 
Autenrieth’s colorimeter, and the quantity of pigment excreted in each 
hour is computed, then the order of the periodical division, in which pig- 
ment is excreted in the maximum quantity, is decided, which affords the 
second mark. And the third mark is given by the total quantity of pig- 
ment, i.e. the total quantity of the pigment excreted in 4 hours, 

As the standard liquid for colorimetry, Ito!” availed azorubin S, Ishii 
availed equally mixed azorubin S and orange G solution, and the other 
examiners eosine only. In my investigation Congo-red (0.015% solution) 
was taken as the standard liquid. As for this, it is to be mentioned that 
the quantity of excreted pigment revealed by colorimetry, which is originally 
a relative value, is sufficient for considering the liver function as to the 
excretion of pigment. The quantity of urine is of great importance; so, in 
order to get average urinary quantity in each hour, the drinking water 
limited since the previous day of the examination, and 200 cc of water 
was given simultaneously with the intravenous injection of santosol, which 
made it possible to get urine in fairly balanced measure in each time 


divided. 
Result of Examination. 


Result on healthy men. 


Several men of normal health were chosen for the test, who had no 
past history of liver complaints, who were not palpated their livers nor 
their spleens actually, negative in albuminuria reaction and in both urobilin 
and urobilinogen reactions of urine. 


i) Observation on healthy men. 


Result of the observations in 24 cases of healthy men is shown on the 
Table I; time of the first appearance was 10 minutes in every case, except 
in 3 cases, time of maximum excretion was Ist hour in 10 cases, 2nd hour 
in 7 cases, and 3rd hour in only one case; and these results agrees exactly 
with the report of Ishii and Weng.® The total quantity fluctuated be- 
tween 250 and 350, the average being 298.5; so I took 300 provisionally 
for the standard value; and the fluctuations observed in this way are 
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. shown by means of plus and minus values. As it will be precisely ex- 
. plained afterwards, the total quantity and the maximum are not always 
d interrelated each other with causality, and the delay of maximum does 
2 not mean in itself the fall of total quantity; it is generally of big value in 
, the so-called “‘ terrace type’ of Eppinger,™’ which shows delay and 
f. stagnation of the maximum in the excretory curve. 
Ss 
» TABLE I 
4 Result of Healthy Persons. 
yo — ye of Quant. of sant. pig. one 
le i case Sex | Age | appear. “ 1 2 3 4 Total | tion 
r- | (min.) (hour) 
“> 1 3 21 10 95 85 65 65 310 +10 
i 216 40 10 140 130 | 30 30 330 +30 
I 3 | 6 46 | 10 95 140 50 45 330 | +30 
1) |e! 2 10 135 95 | 55 45 330 +30 
at 5 | @ | 29 10 125 | 100 | 80 40 345 +45 
ly 6 | «| @ 10 55 | 85 | 40 20 300 + 
a 7 | o 35 10 100 as | 30 40 275 —25 
in 8 hs ee eer 70 90 85 55 | 300 + 
er 9 ay apes gg Orne ae “Ss 25 250 —50 
er ese ep ge tgp eg Te 45 290 —10 
ch ul |g | 9 | 10 fT 0 90 70 40 310 —10 
ne 2 | o¢ | 2% 10 105 | 100 | 8 | 60 345 +45 
13 | ¢ 24 | 10 9 | 72 | 70 55 290 —10 
4 | 5 | 33 | 10 «| 95 60 | 55 50 | 260 —40 
5 | o | #@ | 10 90 75 50 45 260 —40 
16 | g |} 31 10 99 | 100 | 80 45 315 +15 
om 7 | g | 3 | 10 80 | 95 80 65 320 +20 
a 18 | 9 30 | 10 60 75 55 50 240 —60 
in 19 | ¢ 29 10 100 105 80 50 335 +35 
20 g 44 10 85 75 65 65 290 —10 
21. | 9 32 10 6=| 98 | 6 | © 45 260 —40 
a a 50 | 75 | 70 60 255 | —45 
w 23 | ¢ | 4 | 2 70 75 | 80 | 40 265 | —35 
pt 2.18 | 54 20 110 100 80 60 350 | +50 
ur 
tly ii) Continual observation on same persons. 
- In obtaining the result of healthy men, I researched on many persons 
lly on one hand; while, on the other hand, performing continual examination 
ies on an identical person, I observed the differences which appear on the 
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result of him, and scrutinized the fluctuation of the sound value, namely, 
one identical person was put to trial thrice with about ten day’s intervals, 
and such result as is shown on the Table II was obtained. As for 10 


TABLE MII. 
Continual Observation. 





Quant. of sant. Pig. 




















| Time of | 
No. of case Sex | Age stappear., ] | 2 3 4 Total | Fluctuation 
(min.) | (hour) 

(1) a 
Ist Time | JO j105 |. 70 | 6 | 40 | 275 —25 
2nd Time 10 80 90 55 55 280 —20 
3rd Time 10 110 65 60 50 285 —15 

(11) 2 | 3% | 
Ist Time 10 120 | 90 50 50 310 +10 
2nd Time 10 100 80 70 45 295 — 5 
3rd Time 10 140 95 40 30 305 + 5 


minutes urine, excretion of pigment was recognized all through the ex- 
amination in two cases concerned. The maximum fluctuated in one of 
them between | hour per two times and 2 hours per | time; while in the 
other it was constant. The total quantity fluctuated in one case between 
270-290, 300-320 respectively, but, generally speaking, they showed no 
noticeable differences, which agrees with the report of Kaido.™ Such 
difference as 20 or so is thought to be inevitable. 

Next, the influence of change of season on the result of this examina- 
tion is to be stated. In summer season no other difference was noticed 
but a remarkable decline of the total quantity (Table III), which agrees 
with Chuang’s!® report. As for the change of antitoxic function of the 
liver in night and daytime, three persons were put to trial, but no noticeable 
difference came to liglit (Table IV). 


Examination on liver patients. 


There were 31 liver patients put to this purpose; liver cancer in 9 
cases (7 of which supposed to be metastatic), obstructive jaundice in 10 
cases (among which, case 10 belonged to bile-duct cancer, and the other 
to cholelithiasis), hepatitis in 6 cases, liver syphilis in 2 cases, hepatohemia 
in 2 cases, cirrhosis of liver and tumor of liver each in one case. Now, it is 
revealed by the above results that the time of first appearance of pigment 
was delayed except in 4 cases (12, 13, 14, 17), case 2 (liver cancer) being 
cited as the extreme one, which showed red color first in 50 minutes urine. 
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TABLE III. 


Influence of Change of Season. 















































Time of Quantit. of sant. pig. 
No. of case | Sex § Age (Ist appear, |] | 2 | 38 4 | Total Fluctuation 
(min.) (hour)| 
r) 29 | | | i 
Ist Month | 10 =| 120 | 90 | 60 | 40 | 310 +10 
5th | 10 | 9 | 8 | 80 | 45 | 300 = 
8th 10 9°75 | 6 | 40 | 270 —30 
10th 10 110 | 909 | 55 | 55 | 310 | +10 
ae Cee! | 2. 
@ | 22 | 
Ist Month | 10 90 | 65 | 70 | 70 | 295 ~ 5 
5th | 10 | 100 | 70 | 70 | 50 | 290 —10 
8th 10 60 70 | 50 , 40 | 220 —80 
10th 10 120 85 | 60 | 40 | 305 | +5 
TABLE IV. 
Night and Daytime. 
Time of ___ Quant. of sant. pig. 
| Sex | Age |Ist appear.|  & | a] 4 Total | Fluctuation 
(min.) |(hour) 
6 | 19 | 
Night 10 §6§ 135 | 90 | 75 | 40 | 340 +40 
Daytime | 10 120 | 8 | 80 |°70 | 355 | +55 
| @ | 24 | | 
Night | 20 80 | 100 60 | 35 | 275 —25 
Daytime | 20 60 9 65 | 50 | 25 | —35 
Night 10 115 | 80 | 80 | 45 | 320 +20 
| | 
Daytime 10 120 | 90 | 55 | 40 | 305 +5 


Three cases in which the color appeared first in 40 minutes urine, i.e. case 
3, case 9 (both liver cancer) and case 10 (bile-duct cancer), all belonged 
to malignant tumor. 


Next, as it is shown on Table V, the quantity of excreted pigment is 


remarkably declined in some cases, and rather risen in some others. _ Fif- 
teen cases, i.e. 1, 2, 3, 5, 7, 9, 10, 11, 15, 22, 26, 27, 28, 29 and 30 came 
under the former finding, and six cases, i.e. 8, 12, 13, 20, 21, 23, came under 
the latter. 


Again, the maximum was attained almost in the first hour in healthy 
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30. Cirrhosis of the liver 


Abscess of the liver r.) 


men; while in liver patients, common value 
was seen in so few cases that it could be con- 
sidered to be exceptional. Namely, it was 
seen only in 9 cases (29.0%), i.e. case 8, 12, 
14, 16, 17, 18, 23, 24 and 25. It was also 
seen in one case (3.2%), which was accom- 
panied by delay to 4th hour, i.e. case 9 (liver 
cancer), and in five cases (liver cancer), i.e. 
case 1, 2, 3, 7, 10 and furthermore in case 
27 (hepatohemia) as well as in case 28 (sy- 
philis),—in 7 cases in all (27.6%) were ac- 
companied by delay to the 3rd hours. In 
the remaining 14 cases (45.2%), it was always 
attained in the 2nd hour, accompanied by 
a slight degree of delay. 

Furthermore, the time of first appear- 
ance, the time of maximum excretion, and 
the total quantity of excreted pigment do 
not always run parallel with each other. 
For example, in case 12, 13, 21, 23 despite 
remarkable rise of the total quantity or excre- 
tion, the time of first appearance and that of 
maximum excretion are accompanied by 
certain degrees of delay. According to my 
opinion, this fact can be explained in the fol- 
lowing way. 


CoNSIDERATION. 


The above stated result of santonin 
charge test tried on healthy man and liver 
patients is scrutinized below, putting standard 
for discrimination of disturbance on three 
articles, i.e. the time of first appearance, the 
maximum quantity and the total quantity 
of excreted pigment. 


Delay of first appearance. 


Morinaka,” founder of this examination, 
took the beginning time of pigment excre- 
tion within 10 minutes for normal, and Ishi- 


-kawa,®) following that opinion, put it to 
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practise and evidenced that it was positive at the rate of 100% on 21 
cases of liver patients, and negative in healthy persons as well as patients 
of other complaints. While, Knipping and Seel!’ report that no remark- 
able delay of the time of first appearance have been noticed in liver 
patients. In additional examinations tried by examiners at the same 
time, the primary aim was always put on the measurement of the time of 
first appearance; Ono, Yoshida and Yashiro® took 13 minutes for its limit, 
and recognized delay in 72 cases of liver patients. Ishii and Weng® per- 
formed additional examinations in a critical manner, and stressed that 
the measurement of the time of first appearance is of greater utility than 
the other two for the purpose of making research on liver complaints. 

After observing healthy persons and liver patients, I came to the con- 
clusion that in most of the former cases pigment appears within 10 minutes; 
for the delay was noticed in 3 cases among the 24 cases put to trial. On 
the other hand, as for liver patients, no excretion was seen in 24 cases 
except case 1 and 7, and the delay of first appearance was recognized at 
the rate of 77.4%. 

Kitamoto'® mentions that the delay of first appearance is valuable in 
case it is positive, but its negativity can not deny the disturbance of liver 
functions. In our examinations, also, its normality can not afford such 
proof; consequently, the maximum and total quantities deserve to be re- 
ferred to. 


Time of maximum excretion. 


It has been evidenced by Takasugi!®!7)!®) etc. that the density of pig- 
ment excretion in rabbit and human body attains its maximum after 1-2 
hours, and then it diminishes gradually. Garriére!® reports that a certain 
degree. of delay has been observed. Ishii and Weng® state that in liver 
patients it is generally delayed compared with that of healthy persons. 
And the author again recognized the delay of maximum excretion in 12 
cases among 21 liver patients (57.1%). Especially, delay reaching to 3rd 
or 4th hour is considered to prove parenchymatous disturbance of the liver; 
so the existence of the delay of maximum excretion affords a pertinent 
mark, next to the time of first appearance. 


Total quantity of excreted pigment. 


Discrimination based on the total quantity has been proved its ex- 
cellency by Kitamoto!® and his followers. However, individual differences 
on absorption in the digestive canal let it undergo fluctuations, and it some- 
times increases when the liver is accompanied by organic disturbance; 
so it does not always indicate the disturbance of liver functions. Decrease 
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of pigment formation was seen in 250-350 (average 298.5) of healthy men, 
and in majority of liver patents in 31 cases (23 cases, 74.2%). While its 
comparative increase was seen in a small number of cases (6 cases, 19.3%) 
of the latter; in 2 cases it was constant (6.5%). 

Studies on santonin pigment was already done by Eppinger.™ As 
it has been reported by Kato,® Ito!” and Takasugi,!®-!® it is formed in 
the liver and is excreted into bile and urine. Therefore, when the liver 
suffers from a functional disturbance, it causes such situation that the forma- 
tion diminishes, or that its excretion into urine increases comparatively to 
compensate the ill condition of that into bile. It is concluded that a re- 
markable increase in the cases of obstructive jaundice or hepatitis prove 


the above theory. 


CONCLUSION. 


The antitoxic examination on the liver was planned by the use of 
santonin charge to healthy persons and liver patients, and scrutinized its 
result from many standpoints. The standard of discrimination was put 
on three articles; 1) the time of the beginning of pigment excretion; 2) the 
time of maximum excretion; 3) total quantity of excreted pigment. As 
for their estimation, they are considered to occupy the order 1), 2), 3). 
And the correct judgement can be attained by scrutinizing them by 
prudent comparison. 


This work was carried out by a Grant from the Foundation for Promo- 
tion of Scientific Research of the Education Department. I hereby express 
my thanks for it. Prof. F. Nakazawa. 
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Alcoholic beverage has been widely appreciated from ancient times 
as a good taste and, in a sense, as a nutritional drug. Today it is an in- 
evitable thing for the human life, and there are various kinds of it. Its 
principal ingredient is, of course, ethyl-alcohol. 

As for the relation between the liver and spirits, studies have been done 
hitherto mainly on the hepatic induration, the essential part of which being 
occupied by pathological and histological investigations.) 

According to the statistical study, which Eppinger® tried in 1925 on 
372 cases of hepatic cirrhosis treated in the Department of Internal Medi- 
cine, Vienna University, 52% of 268 male patients were potors, 34% were 
accustomed to drink in some measure; while, among 104 female patients, 
19%, were potors and 23% drank more or less. On the other hand, 
Mallory* reports that among 590 cases of hepatic cirrhosis treated in the 
Municipal Hospital of Boston, 49.6% were ascribed to drinking. Chvos- 
tek® reports the rate to be 50%, Simmonds® 60%, Naunyn” 70% and 
Price®) 70% also; thus they all referred to the important relation between 
the occurrence of hepatic cirrhosis and spirits. Then Sattykow,® apply- 
ing spirits and milk simultaneously to tamed rabbits, proved hepatic 
cirrhosis experimentally, accompanied by interstitial affection principally. 
Apart from this, d’Amato!® furnished amyl-alcohol and spirits to dogs for 
a long duration and evidenced the occurrence of remarkable affections in 
the substantial and interstitial tissues of the liver. 

As for the influence of spirits, Rosenthal" insists that, if once taken, it 
can not help having influence on the liver; Sivo!* etc. state that the use 
of spirits leads to hepatic disturbance caused by the increase of globulin, 
which is a temporary phenomenon when it is taken only once, but is of 
perpetual nature when taken customarily; while Matsunaga?® states that 
spirits prevents the formation of glycogen from grape-sugar in the living 
body. 
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According to the research of Cannor in 1939, histological change 
of the liver caused by a large quantity of wine can be divided into fatty 
liver and hepatic induration: The former, he surmises, is brought about 
by excessive partaking of spirits and the defect of nourishing food; while 
the latter, despite a fairly good nourishment, results from its use for a 
long duration. 

The above studies on the causal interrelation between spirits and the 
liver made such theory established that habitual drinkers are inevitably 
accompanied by latent or explicit hepatic obstacles—for example, the 
above stated fatty liver or hepatic induration reported by Cannor, though 
his explanation about its origin is not sufficient to be agreed with—; Mochi- 
dzuki!® and Nishi!® have already published such results that confirm the 
above theory by clinical facts. 

Now it was intended to try additional test on the existence of latent 
hepatic obstruction in potors and habitual drinkers, and practised anti- 
toxic functional examination on their livers by the stated method!”); and 
the result was not sufficient to prove the theory hitherto believed. In case 
the hepatic obstruction was explicit (palpable liver, positivity of urobilin 
and urobilinogen reactions in urine etc.), the fall of hepatic function was 
recognized, which agrees with the theory of former examiners; while those 
potors who did not reveal them clinically, the result was inclined to over- 
pass the upper limit of healthy persons, proving the wholesome condition 
of nepatic function. Then I examined the hepatic functions of those 
drinkers who were resistant to much wine (not always wine lovers); they 
shawed also very wholesome results, and, as far as the antitoxic function is 
concerned, their hepatic function was considered to be superior to that of 
normal men. The result is to be stated below: 


Cases where hepatic obstruction is explicit. 


11 cases of habitual drinkers, who had no past history of liver com- 
plaints but revealed clinically one on several positive findings among 
palpable liver, positivity of urobilinogen reaction, Takada’s reaction etc., 
were put to trial. They revealed abnormality in any of the three standards, 
i.e. the time of first appearance, the maximum quantity of pigment and 
the total quantity of excreted pigment. Precisely speaking, 8 cases re- 
vealed prolongation of the first appearance, each case showed the maximum 
being prolonged (in 3 cases to the 3rd hour). On the other hand, 8 cases 
showed the reduction of the total quantity; its increase was seen in 3 cases. 


(Table I) 
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TABLE I. 
Habitual Drinkers of Spirits. 
Ist Group 
No. | | » ba of Quant. of san. pig. 
ad rae | 7 pear. a | 2) s | 4 | 7oul|Fluct) . Reference 
| | | (min.) (hour) 
116/46 10 70 85 | 80 | 75 | 310| +10| 280% Sake a day 
5 go a time 
2\¢6/51 10 100°| 120 | 80 | 40 | 340| +40 Ditto 
3 \6/56! 20 8 | 90 | 75 | 65 | 315| +15 | 1 sho**a time 
4 go a day 
46/49) 20 45 | 75 | 70 | 50 | 240| —60| & bottles of 
beer a time 
5 | @ | 59 20 45 | 55 | 60 | 60 | 220! —80| 2shoatime 
6 |¢/52) 20 50 | 75 | 50 | 30 | 205| —95| 3shoa time 
| 3 go a day 
7\8@|\59| 20 60 | 65 | 50 | 45 | 220| ~80| 5goatime 
8s i¢6\s| 30 45 | 45 | 75 | 70 | 215| —@5| 1shoa time 
| 2goa day 
| | 1 shoa time 
y e | + 20 65 | 70 | 55 | 55 wed Raped pypy 
10 (2 | 49) 10 60 | 85 | 55 | 40 | 240| —60| 3goa time 
11 | 9 {42} 20 55 | 45 | 80 | 45 | 225! —75| 4goaday 
* go+=182 cc ** ~=sho+=1820 cc 


Cases where no hepatic obstruction is present clinically. 


Nine cases were put to trial, in which livers were not palpable, no 
positivity of urobilin nor urobilinogen bodies in the urine were revealed, 
and which were quite normal in Takada’s reaction. As it is shown on the 
Table 2, their hepatic functions are considered to be equal or superior to 
those of normal men, being opposite to Table I (Table II). 


Drinkers who are resistant to much wine. 


Next, it was intended to investigate the antitoxic function of the livers 
of those drinkers who were resistant to much wine (not always wine lovers) 
and applied the trial to 9 persons, suited for this aim, providing a long 
duration for it (Table III, a). It was revealed by this examination that 
the time of first appearance was always normal: the maximum was at- 
tained in the Ist hour in 7 cases and in the 2nd in 2 cases; the total quantity 
was increased in every case except one, proving the acceleration of the 
hepatic function. 

There are, it is to be mentioned, two theories about the increase of 
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TaBie II. 
Habitual Drinkers of Spirits. 
2nd Group. 
Time of Quant. of san. pig. 
x | v Ist 
A 2 Pie 1 2 3 Total | Fluct. Reference 
(min.) (hour) 
6/39) 10 140 | 105 | 80 | 70 | 395 +95 380 time 
2 go a day 
6 | 39 10 125 100 75 60 360 | +60 Ditto 
e | 3 10 80 9 | 90 80 .| 345 +45 5 go a time 
6 | 42 10 105 90 85 70 | 350 | +50 1 sho a time 
6 | 39 10 9 | 99 | 65 60 | 310| +10, 1 shoa time 
| 2 go a day 
6 32 10 1065 | 80 | 80 | 40 | 305| + 5| Ishoa time 
2 go a day 
6/51} 10 65 | 110 | 70 | 55 | 300| + 0| 12 bottles 
of beer 
3 sho a day 
670; 10 80 | 80 | 70 | 30 | 260) -40) 300 day 
6 | 36 10 80 | 95 | 45 | 35 255 | —45| 3goaday 
TaBLeE III. 
a) Drinkers Resistant to Much Wine. 
No Time of Quantit. of sant. pig. 
Cio Ist pe Se ee 
ll Sex Age appear. i 9 3 4 Total | Fluct. 
(min.) (hour) | 
1 re) 54 10 135 95 80 75 385 +85 
2 fo} 46 10 120 | 115 70 60 365 +65 
3 $ 44 10 115 95 90 50 350 +50 
4 6 48 10 i 95} 95 90 80 360 +60 
5 $ 58 10 110; 95 75 55 335 +35 
6 6 47 10 120 100 80 40 340 +40 
7 6 | 451» 10 | 100) 115 | 85 | 35 335 | +35 
8 f<) 38 10 95 110 85 40 330 +30 
9 & 34 10 | 90 75 60 40 265 —35 
b) Drinkers Resistant to Much Wine. 
2nd trial 
1 | 6 | 5 10 120/115 | 75 | 70 | 380 | +80 
2 | 6 | 46 10 «=| 125; 95 | 90 | 6 | 375 | +75 
3 6 | 4 10 } 951110 ;} 80 60 345 +45 
4 6 | 48 10 110! 85 95 35 325 | +25 
6 $ 47 10 90, 85 70 65 310 | +10 
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excretory quantity; one ascribes it to the acceleration of the function, while 
the other to the hindrance of the intrabiliary excretion. As already 
stated,!” dosed santonin acid sodium is changed to santonin pigment by a 
chemical process and then excreted into bile and urine; so the liver con- 
ducts the formation and excretion of santogenin. It is considered from 
that standpoint that the acceleration of antitoxic function of the liver causes 
the raise of pigment formation and lets it be excreted in large quantity; 
while, as for the extrahepatic excretion after the pigment formation, when 
there exists an excretory obstruction, intrabiliary excretion is so much 
hindered that urinary one increases remarkably. Takasugi,*-! etc., 
injecting yellow phosphor, sulphorous sodium, sulphorous calcium into 
the bodies of tamed rabbits, recognized increase of excretory quantity in 
several cases; Kitamoto®® also noticed it in cases of the convalescent state 
of arsenic hydrate intoxication and also in cases of catarrhalic jaundice, 
and he ascribed it to the temporary acceleration of antitoxic function of 
the liver, which was agreed by Ishii and Weng.” 

Now, as for the increase of the total quantity of excretion in such oc- 
casion, I intended to consider about the intraurine increase caused by the 
hindrance of intra-biliary excretion, and applied repeated examination to 
5 cases of it with the interval of 5 months; and it was revealed that the 
total quantity had been large all the same, the result being very similar to 
the former (Table III, b). 

So the conclusion is that the antitoxic function of those persons is to 
be explained not by a temporary abnormality of pigmentary excretion but 
by a fairly perpetual, rather great ability of excreting pigment. When 
consideration is taken on the normal condition of the time of first appearance 
and the maximum, no insufficiency of the hepatic function can be con- 
cluded from their diagnostical findings. 


CONSIDERATIONS, 


Among the above stated 29 cases, those belonging to the Ist group 
are considered to be summarized as functional] disturbance of the liver 
caused by habitual partaking of spirits, being in accord with the opinion 
of Mochizuki!» and Nishi?®; While, those of the 2nd group reveal no 
hepatic obstruction just against the expectation; furthermore, those of the 
3rd group are apparently proved their being superior to normal men, as 
far as the antitoxic function is concerned; that is to say, the fact that they 
are strong to spirits may be ascribed partly to the wholesome condition 
of the antitoxic function of their livers. 

Speaking about the influence of spirits on the liver, the hitherto in- 
sisted theory that it brings about exclusively such obstruction as depends 
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on hepatic induration or fatty liver, should be judged to contain much 
‘room to be scrutinized, at least from the point of view of mechanic func- 
tion. That is to say, spirits is considered to work as a tempting factor only 
on such disposition as inclined to cause hepatic obstruction; on the other 
hand, there can exist quite opposite occasion, for it is revealed in the 8th 
case of the 2nd group, for example, that a man of 70 years of age possesses 
sound and normal hepatic function. 

As for the case of Mochizuki and Nishi, it is considered they applied 
the examination to persons lying on bed, and that was the reason why re- 
cognized a remarkable positivity of hepatic obstruction in habitual drinkers. 
Howeyer, the above fact should rather be ascribed to their general ex- 
haustion, and, in this case, hepatic function could not be all which suffers 


hindrance. 


SUMMARY. 


The examination of antitoxic function of the liver was applied to 
groups of habitual drinkers of spirits and some drinkers resistant to much 
wine, by means of santonin acid sodium charge test. 

a) Examinations were performed depending on 3 standpoints; i.e. 
palpability of the liver, positivity of urobilin and urobilinogen bodies and 
Takada’s reaction. Poters belonging to the lst group, who were positive 
in one or more among the three, were also remarkably positive in this 
examination. 

b) In the poters belonging to the 2nd group who revealed no notice- 
able finding in the above stated examination nor any sick condition, there 
was recognized no hepatic obstruction. 

c) Livers of poters who are resistant to much quantity of spirits are 
considered to possess such antitoxic function as is superior to that of normal 
men. 


This work was carried out by a Grant from the Foundation for Promotion 


of Scientific Research of the Education Department. I hereby express my 
thanks for it. Prof. F. Nakazawa. 
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After the tragical end of the Pacific War on August in 1946, there ap- 
peared many abnormal phenomena in the confused society, and we can 
reckon among them the so-called ‘‘ methyl peril,” i.e. methyl-alcohol in- 
toxication. It was so widely propagated that by March 1926 its victims 
had already surpassed 2,000, among them 1,500 being dead. 

In our medical clinic, a number of methyl-alcohol patients were ad- 
mitted also. Some of them were unfortunate to lose their lives after a few 
hours; however, as for our standpoint, they offered a good opportunity for 
observing its process precisely. 

Now, questioning the above patients about the real situation of the 
intoxication, felt it the most peculier that some of them had drunk some 
liquor, in which methyl-alcohol had been mixed, in company with several 
comrades, and as the consequence, some of the drinkers had been seized 
by intoxication, while the others had been quite free from any symptom 
despite that they had partaken it far more than the actually attacked ones, 

A fact is to be stated. In 1923, in Odessa, 94 load-carriers drank 
methyl-alcohol by some mistake; at that time 9 persons died, 28 intoxicated, 
while the rest 57 were entirely indifferent, although they drank passably.? 

Schwarz?) ascribed those situations to some disposition of each person, 
and it often comes to our eyes that an appaerntly robust man has dies by a 
small quantity of methyl-alcohol, while an asthenic man has been wholly 
indifferent by much drinking or revealing slight symptoms only. 

Now I put its cause on the individual condition of antitoxic function 
of the liver in supposition, and intended to examine that on 15 persons, 6 
of them being survivers of the methyl-alcohol patients admitted to our 
medical clinic, and 9 being those patients who had been admitted to the 
ophthalmologic department of the Tohoku University Hospital and could 
survive with some obstruction of visual power. The examination in ques- 
tion, i.e. santonin acid sodium charge test*’ was applied to them, and there 
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was revealed interesting finding. 

It has been already evidenced by many examiners,®)-® that on oc- 
casion of acute intoxication of methyl-alcohol, the liver swells at a com- 
paratively early period, attains the maximum after 10-20 days, and then 
reduces gradually, the function of the liver is first remarkably hindered and 
then recovers by degrees. Now intended to investigate the original func- 
tions of the livers of methyl-alcohol survivers, and applied the examination 
in question to them in such term that suggests the disappearance of the 
influence of intoxication. 


Results of the Examination. 


TABLE I. 
Survivers of the Sufferers of Methyl-alcohol Intoxication. 
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These results (Table I) shows the time of first appearance of pigment 
being delayed 20 minutes in 2 cases, 10 minutes in all other cases. As for 
the excreted quantity of pigment, it was found risen in 11 cases and re- 
duced in the other 4 cases. Speaking about the rise of excretion, some 
scholars explain it, as already stated,” by a comparative increase into the 
urine caused by the hindrance of intra-biliary excretion, i.e. a sort of hepatic 
obstruction; but I, applying the examination repeatedly to 6 of the above 
11 cases, ascertained that the excretory quantity surpassed each time normal 
value. It is concluded from this fact that such kind of temporary con- 
dition as an abnormal increase of pigment quantity should not be taken 
into mind, but it should be ascribed to such hepatic functions as possible 
to excrete much amount of pigment; and I take this as a good proof of 
the wholesome condition of the liver. 

Next, the time of the maximum excretion was normal in 9 cases, 2nd 
hour in 4 cases, and 3rd hour in 2 cases; that is to say, it was normal for 
the most part. It shows, that the hepatic function of the survivers is far 
more wholesome than expected. 


CONSIDERATIONS. 


As for the internal mechanism of the occurrence of methyl-alcohol in- 
toxication, Tomida,®’ Tanaka®) and others made experimental examina- 
tion in their own ways; however there still remains much to be studied. 
Some one tried to ascribe it to an oxidizing process in the body, by which 
formic acid was produced‘from methyl-alcohol through formaldehyde’ ; 
some one tried to explain it by the toxity of produced formaldehyde’ or 
formic acid'*); and some one ascribed the intensity of intoxication to the 
extreme inactivity of the excretion out of the body.’ Considering from 
the first standpoint, the influence of methyl-alcohol on the liver seems to 
resemble the situation of the experimental hepatic obstruction, which 
Eppinger™ brought about by the use of allylformiat. 

As already stated in the 2nd report, potors’ livers have hitherto been 
considered to be accompanied by latent disturbance, even if they might 
be free from hepatic induration or fatty liver; Mochizuki!» and Nishi!® 
approved of it on their report; while, my result did not always coincide 
with it. . 

Now it was investigated the antitoxic function of the survivers’ livers, 
and as the consequence no hindrance was recognized. The fact that they 
could resist the partaken methyl-alcohol proves, it is surmized, the whole- 
someness of the antitoxic function of their livers, which made it possible to 
excrete the toxic material comparatively rapidly. 
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SUMMARY. 


The antitoxic function of the liver is examined on 15 methyl-alcohol 
survivers by the use of santonin acid sodium charge, in such term as in- 
dicates the depression of the influence of the intoxication. And it was 
revealed by the result that they had no noticeable hepatic obstruction, their 
antitoxic function being equal or rather superior to that of normal man. 
It is thought, therefore, that the mortal cases of methyl-alcohol patients 
were mostly caused by the inactivity of the antitoxic function of their 
livers. 

Considering the stated 2nd report and this one, I take it to be a mat- 
ter of great significance to apply the examination of latent disturbance of 
hepatic function to apparently healthy persons, and it will contribute much 
to the diagnosis of the health. 


This work was carried out by a Grant from the Foundation for Promotion 
of Scientific Research of the Education Department. I hereby express my thanks 
for it. Prof. F. Nakazawa. 
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The electroencephalographic studies in clinical cases of head injuries 
have been done by Case, T. J., P.C. Bucy”, Jasper, Kershman and Elvidge?? 
(1940), but they gave little attention to the beta waves. 

This study will clarify the important function of the beta waves, as 
well as other abnormal waves, in making an electroencephalographic diag- 
nosis of brain injury. 


Material. 


59 cases are included in this survey, which are composed of 37 cases in 
fresh and old head injuries, and 22 cases in brain operations regarded as 
brain injuries. (In brain operations, as the conditions of the brain damage 
had been known clearly, it was expected that they would contribute to 
clarify the character of the EEG.) 


Technic. 


The electroencephalographic tracing used in this survey is made by 
a four-tube amplifier, the frequency character of which is constant to all 
frequencies between one and thirty five cycles. In order to do mono- 
polar recording, one silver electrode as a negative pole was attached to 
the lobe of each ear and another as a positive pole was fastened to the sur- 
face of the cleansed scalp of the patient, with saline starch. The latter is 
movable on the injured regions and their circumferences, left and right 
forehead, motor area and occiput, according to the place selected for get- 
ting the record. The tracing time was usually 20-30 seconds for each 
area, but was prolonged in case of necessity. 

The conditions of recordings are standardized as nearly as possible. 
The patients are placed on an electrically shielded bed in a darkened room. 
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They are instructed to lie as quietly as possible, with the eyes closed, but 
to remain in a waking state. 


Observation of EEG. 


The EEG are studied from the next two points: 

1, The average frequency and amplitude of 100 consecutive waves. 

2. The histogram of all 100 waves. (The base line fluctuation and 
the large waves, on which the smaller excursions superimposed, are in- 
cluded in 100-waves.) 


Results and Commentary. 


I. Cases of head injuries 
A. Fresh cases: 


In evaluating the EEG of fresh cases, one should distinguish the un- 
conscious cases from the conscious cases, because in the former cases the 
appearance of delta waves may be considered similar to the natural delta 
waves in sleep. 

a. The unconscious cases are 3 and introduced as follows: 

Case 1; A woman aged 24, was knocked down by a jeep and struck 
her occiput on the pavement. She was unconscious for 10 minutes. The 
EEG were taken on the following day, when she was still in the chaotic 
state of consciousness, vomiting several times. The record gained from 
every region of the head showed the generalized delta waves in frequency 
from 3.2 to 8 cycles per second, mixed with less beta waves and alpha 
waves, whereas on the occiput, which seemed to be injured, the beta waves 
in frequency from 20 to 32 cycles increased. Lumber puncture showed that 
the spinal fluid was bloody and under a pressure of 450 mm. of water. Ina 
few days she had recovered from the chaotic state of consciousness. (Fig. 1) 

Case 2; A man aged 32, was struck by a tramcar, wounded in the 
face and the occiput, and lost consciousness immediately. The EEG were 
taken on the following day, when he was still in the chaotic state of con- 
sciousness, vomiting several times. The delta waves of high amplitude in 
frequency from 2 to 8 cycles per second were gencralized in the record, 
and on the right occiput the beta waves in frequency from 12.5 to 32 cycles 
per second appeared. 

Judging from the record, the right occiput was considered to be in- 
jured. Lumbar puncture showed that the spinal fluid was bloody and 
under a pressure of 330 mm. of water. He recovered after 8 days from 
the chaotic state of consciousness. The EEG was similar to that of cerebral 
bleeding in the animal experiment, therefore the case was suspected as a 
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Fig. 1. Case with Unconsciousness 
a. Motor Area (left) 
b. Motor Area (right) 
c. Occiput (left) 
d. Occiput (right) (Injured Side) 


subarachnoid hemorrhage. 25 days later the EEG was normal on every 
area. 

Case 3; A man aged 38, was thrown off a tramcar and lost con- 
sciousness immediately. When the EEG were taken two days after the 
injury, he was comatose and sometimes irritable. Lumber puncture show- 
ed that the spinal fluid was bloody and under a pressure of 150 mm. of 
water (in lying position). The record showed the generalized delta waves 
in frequency from 3.2 to 8 cycles per second and sometimes they were sharp 
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and of high potentials. The electrogram was repeated a week after the 
injury, when the patient was drowsy and sometimes irritable, and of re- 
trograde amnesia in the ehaotic state of consciousness. In the latter re- 
cord, the delta waves were somewhat fast in frequency from 5 to 8 cycles 
and the alpha waves reappeared. 

Especially on the right occiput the EEG were of high amplitude and 
the beta waves increased. 10 days after, the patient recovered conscious- 
ness, but the paralysis of N. oculomotor remained. 

This fact indicated that in unconscious cases the delta waves generally 
appear on the every area and in addition the beta waves increase on the 
injured region. 

b. The cases without the unconsciousness are 19 and introduced as 
follows: 
1. 11 of them showed the normal EEG. All of them had minor head in- 
juries caused by falls, blows and thrown stones. 6 of them lost conscious- 
ness, but recovered soon after. 

Case 1; (This case is a relatively serious one.) 

A woman aged 23, was thrown off a slowlymoving train and knocked 
her occiput against the concrete of the platform and remained unconscious 
for 20 minutes. Because of the bleeding from the right ear and the nose 
and the existing blood in spinal fluid, it was suspected to be a skull base 
fracture. But the EEG were apparently normal after one week, so that 
her diagnosis was determined as a subarachnoid hemorrhage, 

2. 8 of them showed the abnormal EEG. 
(i) 4 cases of them showed the beta waves on the injured region. 

Case 1; A boy aged 13, was struck by a truck and knocked his right 
parietal area against the concrete pavement. The EEG were taken 3 
hours later. The beta waves increased on the injured region, the forehead 
and the occiput, but disappeared 6 days after. 

Case 2; A man aged 25, was beastly drunk and knocked his tem- 
poral region against the * ge type He was unconscious for a little while 
and vomited. The headache was specially heavy on the right hemisphere 
and there was recognized anisocoria (r.>1.). Spinal fluid was bloody 
and under a pressure of 200 mm. of water (in lying position), The EEG 
were taken 3 days later. The beta waves recorded on the EEG were of 
low potentials on the injured region and were lower on the opposite region. 
The records from the other regions were normal. 

Case 3; A girl aged 14, fell down from a ladder and knocked her 
right temporal region and had a depressed fracture on that region. The 
records were taken a week later and showed the beta waves of relative high 
potentials on the injured region and the delta waves on the opposite region. 
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However, in this case one should consider the age of the patient. Ac- 
cording to the studies of Bernhard and Skoglund® (1939), the average num- 
ber of period of the baby aged from | to 2 years is 6.5+0.1 cycles. In this 
case the average period on the opposite region is 6.8 cycles, so that the EEG 
are to be noted as normal. 

Case 4; A man aged 59, knocked his occiput against the ice and was 
unconscious for 30 minutes. He walked zig-zag like a drunkard and came 
to this hospital, complaining of a headache of the occiput and of nausea. 
Nistagmus was recognized on the right eye and Romberg’s reaction was 
positive. Owing to these symptoms, the injury was considered to be in 
the right cerebellum. On the records taken 6 days after, the beta waves 
increased on every area of the head, but specially on the occiput. 

(ii) 2 cases showed the delta waves on the injured region. 

Case 1; A boy aged 9, was knocked on his left forehead by a bat. 
The wound and the depressed fracture were recognized on the forehead, 
but there was no history of unconsciousness. The spinal fluid was bloody 
and its pressure was high. The record taken 3 hours after showed that 
the period of the EEG was slower on the injured region than on the other 
regions. 

Case 2; A boy aged 7, was struck by a firecar and was wounded in 
the parietal region. He was unconscious for 16 hours. The records made 
4 days after showed that the delta waves of high and slow potentials ap- 
peared more frequently onthe right hemisphere than on the left, and they 
were intensified clearly on the injured region. 

(iti) 2 cases showed the delta and beta waves on the injured region. 

Case 1; A woman aged 27, was struck by a truck and knocked her 
head against the pavement. She was brought to the hospital in a state 
of unconsciousness. She had the hematomas and the depressed fractures 
on both sides of the temporal regions. She recovered her consciousness 
15 hours after the injury, but complained of headache, especially on the 
injured region, vomited several times. The left pupil was larger than the 
right. The spinal fluid was bloody. The EEG were taken 3 days after, 
in drowsy condition. The records showed that on the right temporal 
region the delta waves were of high and slow potentials with the alpha and 
the beta waves superimposed on them, and on the left temporal region 
the beta waves of low potentials increased in the presence of a few delta 
waves. 

Case 2; A man aged 29, was strongly struck by a great block of lum- 
ber on the forehead. He lost consciousness, but recovered it gradually. 
And 3 hours after when the EEG were taken it was almost completely re- 
covered. He got the severe wound on the forehead with a depressed 
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fracture. The records showed that on the injured region the delta waves 
were of high and slow potentials with the increased beta and the few alpha 
waves superimposed on them. And on the left motor area the beta waves 
were prevalent. On the left occiput some beta waves appeared. On the 
contrary, on the right motor and occiput the EEG were almost normal. 
In this case, it was proved through the operation that there was the re- 
markable destruction of the frontal lobe without the traumatic rupture 
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Fig. 2. Fresh case (depressed fracture) 
a. Left side of the forehead 
b. Injured region 
c. Left side of the occiput 
d. Right side of the occiput. 
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of the dura. (Fig. 2) 


Thus, from the information of the EEG of the above mentioned cases, 
it can be concluded as follows: ' 

1, In cases of losing consciousness, the regular and generalized delta 
waves are present on each area of the head and the beta waves appear on 
the injured regions. 

2. In cases of no disturbance of consciousness, the EEG are normal 
when the brain is not damaged. 

3. When there are mild brain injuries or cerebral bleeding, the beta 
waves appear on that area, but in serious brain injuries the delta waves 
appear with or without the beta waves superimposed on them. 


B. Old cases: 


Records were made about 15 cases in which the injuries were from 18 
days to 17 years old. 7 of them had epileptic fits. 

The abnormalities of the waves from the EEG of the epileptic patients 
are absolutely characteristic, so that they must be distinguished from other 
cases. 

a. Cases without epileptic fit (8 cases) : 
1. In 4 cases the EEG are normal. 

Case 1; Two of them middle-aged women, who came to the hospital 
complaining of severe headache caused by old light head injuries. The 
records of the one were made 5 months after the injury, and those of the 
other 3 years after. They may be supposed to be suffering from the post- 
traumatic neurosis. ; 

Case 2; A boy aged 14, was strongly struck in his forehead with a 
bat and got a depressed fracture of the frontal bone. Temporarily he was 
unconscious. The records, made 17 and 48 days after the injury, were 
normal. 

Case 3; A boy aged 7, was knocked down by a horse getting an open 
depressed skull bone fracture and the brain prolapse. In spite of the 
history of the brain prolapse, the EEG, taken 59 days after the injury, were 
not abnormal. 

2. In 3 cases the EEG were characterized with the beta waves on the in- 
jured region. 

Case 1; A man aged 20, knocked his forehead in a railway accident 
getting a wound and a depressed fracture of the skull as large as an egg. 
He was unconscious for 7 days. He complained of the left diplopia caused 
by the depression of the left eyeball. The records, made 34 months after 
the injury, showed that the beta waves were present on each area of the 
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Fig. 3. Old case (contusio cerebri) 


a. Injured region (left side of the forehead) 
b. Corresponding region in the opposite hemisphere 
c. Histogram 

I. Injured region 

II. Opposite region. 


left hemisphere, especially remarkably on the injured region. (Fig. 3) 


Case 2; 


A man aged 22, was struck by a transformer falling down 


and got an open wound, and a fracture of the skull. On the records, made 
3 weeks after, the beta waves increased apparently on the injured region. 


Case 3; 


A man aged 63, was struck on his left occiput by a motorcar, 


getting a tumor as large as a clenched fist. He was unconscious for 10 
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minutes. He had a pain in the occiput about 4 months after. On the 
records made 6 months after, the beta waves increased a few on the in- 
jured region. 

Judging from these cases, it may be summarized that the beta waves 
remain in the injured regions for a considerably long time, when the brain 
tissues are destroyed. 

3. In the following case, the EEG are somewhat distinguishable. 

Case 1; A man aged 47, was wounded in a railway accident, and 
got a depressed fracture of the left temporal bone and the comminuted 
fracture of the skull extending from parietal to fronto-temporal region. 
Consciousness was recovered 7 days after. He had a left facial paralysis, 
hypesthesia of the right side of the body and motor aphasia. On the re- 
cords about 4 months after the epileptiform waves, such as spike and 
seizure waves, were recognized on the under part of the right motor area 
and the occiput. 1 year after the injury these epileptiform waves disap- 
peared. 

b. Cases with epileptic fits: 

There are 7 cases in which the epileptic fits happened after the head 
injuries. The records were made from 2 years to 17 years after the in- 
juries. And the EEG can be classified as follows: 

1. In 4 cases the EEG were normal. 

2. In 2 cases the delta waves were generalized and the beta waves 

increased on the injured regions. 

3. In one case the delta waves appeared on the injured region. 

To Summarize: 

1. The EEG were normal when there was no destruction of the brain 
tissues in old cases, just as in fresh cases. 

2. When the brain tissues were destroyed, the beta waves on the in- 
jured regions used to remain for a considerably long time in all 
cases except one. 

Through all cases, the epileptic fits were indifferent to the abnormal 
waves. In one case without the epileptic fit, in which the epileptiform 
waves appeared, it is an interesting problem whether epileptic fits would 
follow in the future or not. 


II. EEG after brain operations. 


22 brain operations were sorted as follows: 


A. Skull bone tumor l. 
B. Brain tumor 8. 
C. Lobotomy 5. 
D. Epilepsy 8. 
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A. In the case of skull bone tumor the EEG were normal 13 days after 
the tumor exstirpation. 
B. In 8 cases of brain tumors the EEG were as follows: 

1. In 3 cases of hypophysial tumors, the records made from 20 to 
40 days after the operation showed that the beta waves increased noticeably 
on the operation wounds. (The frontal lobes were not resected.) 

2. In case of separation of the optic nerves, in which the frontal lobe 
was not resected, but was pressed to the skull bone for a long time, the re- 
cords made 6 days after the operation showed on the operation wound the 
appearance of the delta waves which disappeared 15 days after. 

3. In 3 cases (2 hypophysis adenoma, 1 meningioma) in which the 
EEG were taken a relative long time (from } to 7 years) after the tumor 
resections, the records were fairly normal. 

4. The case, which had a tumor in the ventricle, fell into a coma 
after the operation and its EEG were almost abolished. It may be as- 
sociated with existence of severe brainsteam damage. In this case the 
patient died in a short time. (Fig. 4) 

C. Lobotomy: 

1. In 3 of 5 cases of the lobotomy the records showed temporarily 
after the operation around the operation wound the appearance of the 
delta waves which disappeared about 3 weeks after. 

2. In 2 cases of them, the beta waves increased on the operation 
wound and they were free from the delta waves or superimposed on them. 

According to the EEG in process of the wound recovery after the opera- 
tions (brain tumor resection and lobotomy), it may be considered as fol- 
lows: (Fig. 5 and 6) 

1. The delta waves appear temporarily (for from 7 to 20 days), when 

the brain tissues are destroyed. 

2. The beta waves increase apparently after the disappearance of 

the delta waves and a most prevail from 20 to 30 days. 
D. Epilepsy (3 traumatic and 5 idiopathic) : 
a. Traumatic epilepsy: 

Case 1; A girl aged 16, fell down 50 days after her birth and got a 
great cystoma reaching the subcutane through the skull bone on the left 
occipital lobe, of which the brain tissue almost degenerated. Before the 
operation the EEG showed the beta waves of low potentials on that region. 
After the cicatrix of the cerebral meninges and the degenerated brain tissue 
were resected and the broad aponeurosis was implanted on that region, 
the epileptic fit entirely disappeared. But the records made 36 days after 
the operation were similar to those before it. 

Case 2; A woman aged 19, was injured by a nail in the left side of 
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Fig. 4. Collaps after the brain injury. 
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Fig. 5. Process of the wound recovery after the operation 
a. Before operation 
b. The 6th day after the operation 
c. The 15th day after the operation 
d. The 43rd day after the operation. 
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Fig. 6. Process after the lobotomy on the injured region 
a. The 7th day after the lobotomy 
b. The 20th day after the lobotomy 
c. The 40th day after the lobotomy. 


her head at the age of 1 year. The motor paralysis of the right upper 
limb occurred and epileptic fits began at the age of about 15 years. The 
brain-durascar was resected by the operation. The records made 9 days 
after the operation showed the beta waves of low amplitude on the wound. 
Case 3; A man aged 23, was a patient of traumatic epilepsy. 5 days 
after the operation, the generalized delta waves appeared. On the wound 
the EEG showed the delta waves of remarkably high potentials with the 
alpha and the beta waves superimposed on them. 
b. Idiopathic epilepsy: 
In 4 cases of 5 idiopathic epilepsy, the resections of the 6 af (Vogt) 
were done and in one case the lobotomy was attempted. In all of them 
the appearance of the delta waves were recognized on the operation wound. 
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In evaluating the change in the course of time of the EEG on the opera- 
tion wound, it was noted that when the delta or the spike waves were ob- 
served from 12 to 15 days after the operation on the wound, the former of 
high amplitude reappeared from 20 to 32 days after on the same place and 
sometimes epileptiform activity co-existed. 

It is most interesting that in the epileptic cases the delta waves re- 
mained for a long time on the wound, in contrast to the non epileptic cases. 


GENERAL CONCLUSION. 


The principal results in the above mentioned clinical cases of head in- 
juries may be summarized as follows: 

1. Minor head injuries with no brain substantial damage, either 
fresh or old, produce no changes in the electrical cortical activity in the in- 
jured regions. But there is one exception, in which the part of brain pro- 
lapse was resected completely to be cured and the EEG was normal several 
months after the accident. 

2. The beta waves observed on the injured regions in cases of the 
fresh head injuries mean the relative minor brain injuries, but in cases of 
relative major brain injuries they are seen on both the injured and the dis- 
tant regions. In these cases on the decrease in the course of the recovery 
of the wounds, and the beta waves take the place of them in about a week, 
remaining relatively for a long time. 

These temporary delta, waves on the injured regions may be associated 
with the cerebral edema. According to the experimentation on cerebral 
edema made by Zeniya,*) member of our institute, the records showed the 
delta waves remaining from several days to 1-2 weeks. 

3. The delta waves observed on the injured region in cases of the 
fresh head injuries mean the major brain injuries, and the frequency and 
the degree of the injuries. In these cases, some change, such as cerebral 
edema, may happen in the subcortical region. These delta waves decrease 
rapidly from 7 to 20 days after the injuries on the injured regions. 

And in cases of fresh brain injuries with unconsciousness the delta 
waves extending over each area of the head, I suppose, may be due to the 
losing of consciousness. 

It is abnormal in epileptic patients that the delta waves (epileptiform 
activity such as spike waves) appear on the old brain injured regions, and 
they are present on the opposite and the other regions as well. 

But there is an exceptional case, as reported by Jasper, Kershman 
and Elvidge (1940), in which the delta (spike and seizure waves) waves 
appear remarkably in spite of the absence of epileptic fit. Such, I suppose, 
may have relations with the latent convulsive tendency. 
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In dealing with EEG of braintumors, we are most interested in the 
localizations of the tumors. Since Walter!) (1936) first described the ac- 
curate localization of cerebral tumors by means of EEG, many similar 
studies have been introduced by Williams and Gibbs*®) (1938), Kornmiiller® 
(1940) and others. Yeager and his coworker* (1940), according to the 
study of 43 superficial lesions of which 36 were neoplastic, gave such result 
that 37 of them wete localized by EEG and in some instances the EEG in- 
dicated the site of the lesion when other methods failed entirely. How- 
ever, this study illuminates such questions as whether any kinds of brain 
tumors can be localized arid any kinds of characteristics can be recognized 
by means. of EEG, to say nothing of the localizations of the tumors. 


Material. 


This study is based on data concerning 50 consecutive patients who 
had tumors situated in various parts of the brain. Except for some cases, 
most of these were confirmed either by surgical operation or by necropsy 
and verified microscopically. 


Technic. 


Electroencephalographic tracings were made by a four-tube am- 
plifier, the frequency character of which is constant to all frequencies be- 
tween 1 and 35 cycles. In order to do monopolar recording, a silver 
electrode as a negative pole is attached to the lobe of each ear and the other 
as a positive pole is fastened to the surface of the cleansed scalp of the 
patient, with saline starch. The latter is movable on the parasagittal lines 
over the frontal, motor, parietal and occipital areas, according to the place 
selected for getting the record. On the temporal regions it is placed about 
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5cm. directly above the external auditory meatus. Tracing time needs 
about 20 seconds for each area. 

The conditions of recordings are standardized as nearly as possible. 
The patients are placed on an electrically shielded bed in a darkened room. 
They are instructed to lie as quietly as possible, with the eyes closed, but 
to remain in a waking state. 


Judgement of Abnormalities of EEG. 


The question has arisen whether there are any abnormalities of the 
waves gained from EEG of the brain tumors. Our answer to this problem 
will discuss 5 kinds as follows; (1) Base line fluctuation, (2) Decrease or 
absence of spontaneous waves, (3) Appearance of delta waves, (4) Low 
or high potentials, (5) Asymmetry of waves. 


Results and Commentary. 


The electroencephalographic findings in 50 cases of brain tumors can 
be classified as follows; 

(1) Normal records in 6 cases. 

(2) Abnormal records in 44 cases. 

(1) The group of normal records. ; 

This group contains 6 cases. The results of the EEG were normal in 
the presence of tumors. Most of them were found to be in the surrounding 
portions of sellar tubercle (3 hypophysial tumors, | craniopharyngioma and 
1 retrobulbous granuloma) and too small to increase the intracranial pres- 
sure. Moreover, the case of pontine tumor confirmed by necropsy and 
verified microscopically as a granuloma was not so large as to give rise to 
the stenosis of ventricle. 

These facts may indicate that the small deep midline brain tumors not 
increasing intracranial pressure are indifferent to the abnormal electro- 
encephalographic waves. 

(2) The group of abnormal records. 

They were divided into three main groups. 
a) The first group. 

This group involves 13 cases. 5 of them were found to be in the near 
portions of sellar tubercle (1 hypophysial tumor, 3 craniopharyngiomas and 
1 cyst of optic chiams), 3 in the surrounding parts of the third ventricle (2 
ependymomas of the wall and | pinealoma), 2 in the brain basis (2 pontine 
gliomas) and 2 in cerebellum (1 medulloblastoma and 1 Lindau’s disease). 
Each of them existed either in the deeper brain centre or in the posterior 
fossa lying near the ventricle and gave rise to the intracranial hyperten- 
sion. 
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Their electroencephalographic changes were distributed uniformly 
over every area of the brain and were not circumscribed on focus, and they 
closely resembled each other on every area. The figure of the waves 
showed that the beta waves were vastly increased and superimposed on 
the generalized delta waves with the alpha waves remaining unaffected. 
These waves are due to the raised intracranial pressure incurred by the 
existing tumors. 

After all, the tumors of this group were not localized by the EEG be- 
cause of the generalized changes, as well as the study of Kuwahara® 
(1942).. 

b) The second group: 

15 cases belong to this group. The tumors contained in this group 
showed some common features as follows; 

(i) They were situated pressing on the cerebral cortex from the out- 
side or invading the cortex. Sometimes they were found to be in the 
subcortical portions adjacent to the cortex. 

(ii) They were most frequently found in cerebrum, except for 3 in 
cerebellum and limited to one hemisphere. 

(iii) Although their extents were considerably wide, the intracranial 
pressure was not generally so high as to be seen in the stenosis of ventricle. 

The electroencephalographic changes of this group were mianifested 
in a single area as a rather circumscribed focus and they distinctly de- 
signated the locations. When generalized changes were present, they were 
usually intensified on the focus. 

The electroencephalographic changes appearing on focus are as fol- 
lowings ; 

(i) The delta waves obtained from the foci of 3 meningiomas, | 
tuberculoma of cerebellum, 1 medulloblastoma and | skull bone tumor 
were of distinguishably low potentials and slow in frequency of from 1 to 
3 cycles per second, rather seemed to be a random and slow base line with 
reduced potentials. Consulting the references, Foerster and Altenburger® 
(1935) have shown that the tumor tissue was electrically inactive. Korn- 
miiller (1940) and Kuwahara (1942) demonstrated the instances, the 
localizations of which were possible because of the reduced or abolished 
electric activities of the local cerebral cortex. Thus, in our cases, it is sup- 
posed that the tumors occupied such extents that the electrodes were placed 
easily above the locales. 

(ii) In 6 cases of gliomas (5 in cerebrum and | in cerebellum) the 
delta waves, moderately slow in frequency (from 3 to 5 cycles per second) 
and apparently high in amplitude, were prevalent in the absence of the 
spontaneous alpha and beta waves. 

This evidence indicates that such a electroencephalographic change 
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appears when the cerebral cortex invaded by a tumor maintains partially, 
however, its electric activity not completely damaged. 

(iii) 2 cases of skull bone tumors showed such delta waves that their 
potentials were moderately slow and high with almost unaffected alpha 
and beta waves superimposed on them. These waves may be associated 
with the cortical changes produced by slight pressure. 

(iv) In the case of inflammation by which the cerebral cortex was 
less influenced, such as subcortical abscess, the changes were not so pro- 
nounced as were seen in other cases. The delta waves were somewhat 
slow in frequency. The spontaneous alpha and beta waves remained un- 
affected and free from delta waves. 

(v) On the hemisphere opposite to that of cerebellum involving 
tuberculoma, the delta waves were remarkably high in amplitude with 
the beta waves of high potentials superimposed on them. 

This fact illustrated that while tumor tissue is electrically inactive, the 
effect of tumor on the surrounding cortical tissue is the basis of the pro- 
duction of high potentials, as described by Foerster and Altenburger (1935). 
c) The third group. 

This group includes 16 cases. This group was characterized by the 
electroencephalographic complexity and those records were less easily 
analysed, so that at times it was fairly difficult to determine the locations 
of the tumors without reference to the pneumoencephalographic and the 
neurologic examinations. A few of those records were reanalysed in re- 
ference to the locations of the tumors confirmed by the surgical interven- 
tion. Although the electroencephalographic changes of this group were 
generally present, the intensities of the changes were most pronounced on 
the foci in such cases as | glioma, | acoustic tumor, 1 meningioma, | medul- 
loblastoma and | tumor of cerebelloponitne angle, and on the hemispheres 
involving lesions, such as | abscess and | brain metastasis of lung carcinoma. 
Case and Bucy’) (1938) experienced the same cases by the study of 11 
brain tumors. 

In | pinealoma and, | craniopharyngioma, the changes were lateralized 
on the site to which the tumor extended. 

Another case of pinealoma and | neurinoma showed only base line 
fluctuation as a representative change on the focus. : 

In the case of glioma of the right hemisphere of cerebellum, its loca- 
tion was mistaken because of the intensity of the changes on the opposite 
hemisphere. 

The most interesting and complicated changes are exhibited by the 
following cases. 

Another case of craniopharyngioma, according to the pressing on the 
parietal cerebral cortex to the skull bone adjacent to it, showed the cha- 
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Fig. 1 Case of craniopharyngioma 
a. left frontal, a’. right frontal 
b. left temporal, b’. right temporal 
c. left parietal, c’. right parietal 
d. left occipital, d’. right occipital 


racteristic waves of exceedingly reduced potentials on that area. (Fig. 1) 

The case of ependymoma of the third ventricle which developed within 
both sides of the second ventricle, especially the left side, through the Mon- 
row’s foramen showed on the frontal and the left occipital areas of the brain 
a similar change. 

In the case of meningioma of the right side of the anterior fossa, any 
areas of the left hemisphere were not changed, whereas on the right hemis- 
phere the frontal area showed the delta waves of high potentials associated 
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Fig. 2. Case of meningioma of the left olfactory groove 

a. left side of forehead, a’. right side of forehead 

b. left frontal, b4, right frontal 

c. left parietal, c’. right parietal 

d. left occipital, d’. right occipital 
with the edema of the surrounding tissue of the tumor and the occipital 
area showed the waves of reduced potentials appearing remote from the 
tumor mass. . 

The case of meningioma of the left olfactory groove which was wide- 
spread and extended to the left side of the forehead showed the most re- 
markably complicated records possible to be found in a single case. (Fig. 2) 
That is to say, the left side of the forehead where the tumor seemed to be 
situated showed the waves of most reduced potentials because of the inactiv- 
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ity of the tumor tissue. On the contrary, the right side of the forehead 
and the left frontal area adjacent to the tumor showed the delta waves of 
high potentials because of the edema of the surrounding tissue occasioned 
by the tumor, In addition, on both sides of the parietal area remote from 
the tumor mass appeared the reduced electric activities which were related 
to the inactivities of the cerebral cortex of that area caused by the pressing 
on it to the skull bone. 

In this way, according to the information of those records, one can 
ascertain that the abnormal waves of high potentials on the surrounding 
tissue of the tumor are to be noted as a near local electroencephalographic 
change and the abnormal waves of low potentials on the distant part of the 
tumor as a far local electroencephalographic change, just as there is neuro- 
logically a near local and a far local symptom. 

Tumors of this group showed generally such features that they existed 
either in the subcortical portions or in the deep centres of the brains and 
raised the intracranial pressure. A few of them were localized by means 
of the synethetic judgments of the changes of each area. 

Many works attributed EEG to be unvaluable in the localizations of 
the deep lying tumors, whereas Lemere® (1937) has noticed in the study 
of the subcortical tumors that the electroencephalographic changes were 
intensified on the side of the tumors more than on the opposite side. Smith, 
Walter and Laidlaw®’ (1940) found the delta waves, which showed phase 
reversal over the focus, from 8 cases of the tumors in the posterior fossa. 
Walter and Dovey’ (1944) and Cobb™ (1944) accounted for the ap- 
pearance of the theta waves obtained by the sutdy of subcortical brain 
tumors. 

After all, the abnormal waves reviewd in EEG of 44 cases are classified 
into 4 types and interpreted as such. (Fig. 3) 

(i) The first type shows a random and slow base line with reduced 
potentials. 

This type appears either on the tumor tissue or on the nearly destroyed 
cerebral cortex. 

(ii) The second type shows delta waves of high potentials in the ab- 
sence of the spontaneous alpha and beta waves. 

This type predominates in glioma. The cerebral cortex may be sup- 
posed to retain with difficulty its electric activities. 

(iii) The third type shows delta waves of high potentials with the 
spontaneous alpha and the increased beta waves superimposed on them. 

This type is related either to the edema of the brain or to the intrac- 
ranial hypertension, and the cerebral cortex may be considered to be less 
damaged than that of the second type. This type embraces the majority 
of all cases. 
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Fig. 3 4-types of the abnormal waves in EEG of brain tumors 
A. Ist type 
B. 2nd type 
C. 3rd type 
D. 4th type 


(iv) The forth type shows only base line fluctuation with the sponta- 


neous alpha and beta waves. 

This type appears on the cerebral cortex being slightly influenced by 
the tumor. This type is most unchangeable as a whole. 

According to the study of Charles Le Vant Yeager and Sarah Luse?®? 
(1945), the wave similar to our second type was identified with glioma and 
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that similar to our third type with meningioma, so that they concluded in 
the report that a clue to the pathologic nature of the underlying lesion may 
be obtained by utilizing the information gained from EEG, in addition to 
the localization. In contrast, according to our study meningiomas were 
frequently found to be in the first type. As to the difference between 
their result and ours, that will depend in part on the extent of the tumor. 


SUMMARY. 


As a result of the electroencephalographic observation of our fifty 
cases, it was recognized to be valuable in the localization of superficial 
tumors of the convexity of the brain. In evaluating the EEG of the deeply 
underlying tumors, it should be emphasized that there is a near local and 
a far local electroencephalographic change. Therefore one should always 
endeavour to understand the abnormal waves recorded in EEG, with 
caution. 
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The epinephrine no doubt exists in the general blood, when it is 
abundantly poured out from the suprarenal glands, either by asphyxiation, 
or bleeding, or cooling, or hypoglycemia, etc., all of excessive degree. 
The intravenous introduction of the adrenaline solution with almost the 
same velocity, as the epinephrine is charged from the suprarenal into the 
general blood circulation, brings about an elevation of the general blood 
pressure, blood sugar concentration, etc., in proportion with the degree 
of abnormal conditions. 

So far we are short of sufficiently sensitive method of estimating epine- 
phrine both biologically and chemically. 

Some years ago, a new solution for the rabbit ear vessels method, was 
devised by Schlossmann.) It should enable us to determine the amount 
of epinephrine the blood with certainty and such, a sensibility as 1:10,' 
but, it was soon found rather harmful to our disappointment.” Then, by 
modifying this solution Z. Kanowoka* devised another solution for de- , 
termining the epinephrine in blood, but it does not increase sensibility of 
this method at all. 


I 


A few years later Gyoku reported that he was able to prove in rabbits 
that the epinephrine increases in the ear vein blood on subcutaneous 
application of morphine, and this increasing tendency reaches its acme 
2 hours after the injection. Laewen-Trendelenburg’s frog leg perfusion 
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in order to devote myself to the duties connected with the University administration. 

Professor Y. Satake. 
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came into application. 

Morphine is also one of the most potent agents to discharge the epine- 
phrine from the suprarenals; the maximum output rate is 0.0006 mgrm 
per kilo per minute from one side gland in the normal] dog;* the drug was 
applied either hypodermically or intravenously. 

Expecting to realize how Gyoku alleged to find epinephrine in the 
general blood of rabbits on applying this potent drug, I attempted some 
experiments, the results being given below, although he simply used the 
fluid containing Na-citrate and made no mention of the sensibility in par- 
ticular. 

Methods: Rabbits of both sexes were experimented on. Morphine 
hydrochloride was injected under the skin as a 2 per cent solution in 
the physiological saline fluid, in the dose of 50 mg per kilo of body weight. 
The vein blood was taken from the denervated ear. The arterial blood 
was collected from the left carotid through a small cannula, about | cc 
blood being discarded at first. The Frog Legs Vessels Method: Ringer 
containing 0.2% sodium citrate was used, and the initial number of drops 
flowing out from the vein cannula was adjusted to about 30 per minute, 
and the blood specimen or the adrenaline chloride solution, made from 
that of Sankyo Co., as the control was introduced into the arterial cannula, 
The blood specimen was ‘prepared as follows. 0.5cc of the blood was 
taken into a syringe, in which 0.5 cc of 4% Na-citrate solution was drawn 
up beforehand, so the blood was diluted 2 times. Very seldom a further 
dilution was made. 1 cc of such a specimen was introduced into the arterial 
cannula of the preparation of 10 seconds. The introduction of the blood 
specimen was always performed within 2 seconds after taking out the blood. 
The Rabbit Intestine Segment Method: The arterial blood was poured 
into a glass cylinder, and then it was placed in an ice-chest to be defibri- 
nated. Then the epinephrine was estimated by means of the rabbit in- 
testine segment, in the usual manner of this Laboratory. The indifferent 
blood was taken from another not morphinized rabbit or dog. 


Results: 

On receiving the morphine rabbits became quiet gradually, with the 
respiration deep and tardy. In most cases the heart rate became slow 
and sometimes irregular, and it was so during the whole course of the ex- 
periment. The ear vein blood became dark half an hour after morphine 
what lasted longer than 2 hours. 

Blood samples were taken before the injection, and thereafter as well, 
at intervals of one, two or three hours. 

The blood from 9 normal rabbits was applied to the test by the rabbit 
intestine segment method and the frog legs vessels method as well. The 
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former method disclosed that the inhibitory power of 0.5cc of the de- 
fibrinated arterial blood samples taken before and after the morphine ad- 
ministration was less than 0.000 025 mgrm. adrenaline chloride, i.e. 1:2 x 
107. Namely no epinephrine was thus observable even after the mor- 
phine injection. 

The latter method gave apparently some different features, which 
seemed to duplicate the findings of Gyoku; that is, 1 cc the citrate vein 
blood, taken before the injection caused a remarkable decrease in the num- 
ber of drops flowed out from the preparation, and that taken out after 
the morphine acted stronger. Generally only one specimen was tested 
after the injection; it seems to me, however, not highly probable that the 
specimen taken two hours after the administration acts most strongly vaso- 
constrictively. Figs. 1 & 2 show, for instance, a reverse relation clearly. 

In evaluating the results obtained by means of the vessel perfusion, 
a special consideration shall be given so that the blood specimen might be 
injected into the preparation within a constant but possibly short interval 
each time, for example 20 seconds (10 seconds from taking out the blood 
to the start of injection; then 10 seconds to its end.), or else the vaso- 
constrictor power will develop rapidly, which may in time affect the estima- 
tion seriously. As a consequence, the time when specimens should be 
applied is definitely fixed; neither the order of application nor the time 
when they are to be applied should be altered by way of trial. In this 
respect the experimental conditions are highly restricted in this method 
of determination, only the application of the control experiment with the 
adrenaline solution of a known concentration, which roughly corresponds 
to the specimen to be matched the vasosonstric force, can lesson the dif- 
ficulties inherent to this method. 

Fig. 3 may be given to show the general course of the matter, 0.00005 
mgrm. adrenaline chloride was introduced, which was soon followed by 
the specimen before the administration. About two and a half hours 
later, that is about two hours after the morphine, the specimen was taken 
out and tested. Soon later 0.00005 mgrm. adrenaline chloride was 
applied. The initial drop number was 32, 30, 32 and 25 a minute, but 
on taking them uniformly as 30, Fig. 3 was constructed. 

It is then not unfair to take the vasocontrictor power of the ear vein 
blood before and after as the same, on taking the effect of one and the same 
amount of adrenaline chloride as the control. Other five experiments 
showed quite the same nature of results. 

Of the’ carotid blood, and the defibrinated carotid blood similar ex- 
periments were carried on three rabbits with the wholly similar outcome; 
only it may be said that the vasoconstric power of the defibrated blood is 
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Fig. 2: Normal rabbit; 3 hrs after the morphine the blood was taken. 
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Fig. 4: Doubly splanchnicotomized rabbit; 2 hrs after m., Adr. 0.1. 
Fig. 5: Doubly decapsulated rabbit; | hr (triangles), 2 hrs after m., 
Adr. 0.05 2 hrs after m. . 
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originally far stronger than the others. 


II 


Similar experiments as above were carried on further on the rabbits 
either doubly splanchnicotomized or doubly suprarenalectomized. The 
neurotomy was done 16 days, 2 days, 17 days and 9 months previously, 
and the last removal of capsule was done 21-53 days on four rabbits before 
the morphine experiments. 

These sets of experiments were carried out to see whether or not we 
are able to duplicate the findings of Hayama, that the carotid blood of 
the rabbits, deprived of the splanchnic nerves or of the suprarenal bodies 
bilaterally, does not possess any trace of the vasoconstrictoric power (rabbit 
ear perfusion method), but this power was found in the same amount in 
those operated on in the above mentioned manner, as in the normal in- 
dividuals. One example from each group of animal will be presented in 
Fig. 4 & 5. No explanations are needed. 

Carotid blood was taken from two suprarenalectomized rabbits, be- 
sides.the ear vein blood specimens. The arterial blood was tested either 
immediately or after defibrination; the results did not differ from those 
obtained in normal individuals. 


SUMMARY. 


Contrary to some writers, the present author has never come to see 
the existence of epinephrine in the general blood of rabbits, poisoned by 
the morphine. Both the rabbit intestine segment method and the frog 
legs vessels method were employed. Exactly said that the epinephrine 
does not exist in the peripheral blood beyond the limits determinable by 
means of both the methods. 

The failure of the previous writers might be explained probably in 
this way that they did not pay any attention upon the fluctuation of sen- 
sibility of the vessel perfusion method against epinephrine or adrenaline in 
the course of experiment. The second writer carried on his experiment 
on the animal while it was near moribund, or very weakly. 
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In our previous studies!” on retinal inhibition, the intensities of the 
pre-illuminating light as well as of the inhibitory light were chosen rather 
arbitrarily, and no systematic investigation was made on the influence 
of the wave-length of the inhibitory light. 

In the present report more systematic and more quantitative data 
concerning retinal inhibition so far obtained are described, and the me- 
chanism of retinal inhibition will be discussed. 


EXPERIMENTAL. 
Method and Procedure. 


All measurements were carried out in a dark room after a preliminary 
dark adaptation of about 20 minutes. As the pre-illuminating light ex- 
clusively white light was used, the intensity of which was varied by con- 
trolling the distance of the light source, an incandescent light from the 
test-patch consisting of ground glass. The patch was 10 mm. in diameter 
and situated 30 cm. in front of the subject’s eye. 

The stimulating current was a constant current pulse of 100 msec. in 
duration. As an inhibitory stimulus the “‘ on’’- or “ off ”’-effect of a con- 
tinuous colored light was used. In the case of inhibition by the “on ”’- 
effect, the colored light was presented at a definite interval prior to electrical 
stimulation and removed after the test of electrical excitability was over. 
In the case of inhibition by the “ off’’-effect, the colored light was pre- 
sented immediately after the end of the pre-illumination and removed at 
a definite interval prior to the electric stimulus. The time interval be- 
tween the “‘ on ”’ or ‘‘ off”’ of the inhibitory light and the electrical stimulus 
was termed the “I-S interval”. As reported previously,” the inhibitory 
light acts most effectively upon the.R, Y, G and B processes when the I-S 
interval is equal to 0, 0.07, 0.15 and 0.35 seconds respectively. There- 
fore, these intervals were termed the “‘ optimum I-S intervals”. In the 
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present investigations measurements were made always at the optimum 
intervals. The interval between the end of the pre-illumination and the 
onset of electrical stimulation was fixed at 1, 1.5, 2 and 3 seconds for in- 
hibition of the R, Y, G and B processes respectively. 


Results. 
1. Central and Peripheral Inhibition. 


It is legitimate to assume that retinal inhibition is a physiological 
event occurring at the retina, because similar effects have been proved by 
Motokawa®) on excised frog eyes. However, it cannot be maintained 


TABLeE I. 


Experiments on Central and Peripheral Inhibition. Pre-illuminating light: white 
light of 26 lux. Inhibitory light: green light (530 mp) of varying intensities. In- 
hibition of the G process by “‘ on ”’-effects. 








Intensity of inhibitory light Peripheral inhibitory — 
in arbitrary units | effects | Central inhibitory effects 
10 11 | 3 
26 | 24 | 3 
4 58 | 


that the phenomenon is entirely independent of the central nervous system, 
so far as experiments in man are concerned. In the course of our experi- 
ments the subjects often told us that their judgement in determination of 
thresholds was disturbed by noise or some other external stimuli. 

In a preliminary experiment it was found that an optical stimulus 
applied to the contralateral eye was most effective to divert the subject’s 
attention, and consequently to make the determination of the electricay 
threshold of the ipsilateral eye more difficult than in the absence of such 
an extra-stimulus. In our experiment the extra-stimulus was strictly limited 
to the contralateral eye so, that the effect caused by this stimulus cannot be 
regarded as an event at the retinal level, but has to be ascribed to some 
central interaction. The data showing such interactions are presented in 
Table I. In this table the effects of central interferance determined as 
stated above are compared with the usual inhibitory effects obtained by 
applying the same stimulus to the ipsilateral eye. In this experiment the 
“‘on”’-effect of continuous green light of varying intensities was used as 
the inhibitory stimulus, the I-S and the P-S interval being fixed at 0.2 and 
2 seconds respectively in order to see the effect on the G process. 

As can be seen in the table, the effect of central inhibition is only 8 
at the highest intensity of the inhibitory light, while the usual inhibitory 
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TaBLeE II. 


Peripheral (Selective) Inhibition and Central (General) Pre-illuminating light: 
white light of 26 lux. Inhibitory light: green light (530 mp) of intensity 215 in 
arbitrary units. I-S interval: 0.2 seconds. P-S interval: 1, 2 and 3 seconds. In- 
hibition by “ on ’”’-effects. 








P-S interval in sec. Process inhibited | Peripheral inhibition | Central inhibition 
kK | 4 26 
2 G 59 25 
3 B 8 27 


effect amounts to as high as 58 at the same intensity of the inhibitory 
stimulus. In such experiments we noticed that the degree of central in- 
hibition showed marked individual variations, and that it tended to de- 
crease as the subject became accustomed to the inhibitory stimulus. This 
tendency was more conspicuous in the subjects who had suffered from 
considerable central inhibition at the start of experiments. 

The second characteristic of central inhibition is that the inhibitory 
light does not act selectively upon any retinal process, but is equally effec- 
tive upon all the processes. Central inhibition is general inhibition, while 
peripheral inhibition is usually selective. This relation is shown in Table 
II. In this experiment it was worked at a higher intensity of the inhibitory 
light so as to secure central inhibition of a sufficient degree for quantitative 
treatments. The color of the inhibitory light used was green, and the 
electrical excitability was measured at one, two and three seconds. If 
the inhibition is selective the G process must be inhibited selectively by 
the green inhibitory light, and the effect measured at the P-S interval of 
two seconds must decidedly be greater than those measured at the other 
P-S intervals, because the characteristic P-S interval of the G process is 
2 seconds. As shown in the table, this is true so long as the peripheral in- 
hibition is gencerned, but no such selectivity can be observed as to the 
central inhibition. The central inhibition is independent of the P-S in- 
tervals indicating that the inhibitory light inhibited the three processes 
equally. 


2. Dependence of Inhibitory Effects on the Intensities of Inhibitory as well as of 
Pre-illuminating Light. 


In all the experiments stated above, colored lights were used as in- 
hibitory light. It must, however, be noted that experiments on selective 
inhibition can be made with white light as the inhibitory stimulus, if the 
P-S as well as the I-S interval are properly chosen. In order to inhibit the 
R process selectively by white light, it is necessary to fix the P-S interval at 
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one second and the I-S interval at 0 second. For inhibition of the G and 
the B process the characteristic intervals must be combined in such a man- 
ner as the P-S interval of 2 sec. with the I-S interval of 0.15 sec. and the 
P-S interval of 3 sec. with the I-S interval of 0.35 sec. respectively. Table 
III shows inhibitory effects upon the three processes measured in this way 
with white light of varying intensities as the inhibitory light. The columns 
labelled ¢ contain the ¢-values determined with and without inhibitory 
lights. The inhibitory effect for each intensity of the inbihitory light re- 
presents the difference of €-values determined without and with the in- 
hibitory light. 


TaBvie III. 
Dependence of Inhibitory Effects upon the Intensity of Inhibitory Light. Pre-illu- 
minating light: white light of 60 lux. Inhibitory light: white light of varying in- 
tensities. Inhibition by “‘ off ’’-effects. 





Intensity of | Inhibition of R process Inhibition of G process Inhibition of B process 








inhibitory light ref | L>) ae 
sian HC Ri — 2 I Ne — 8 ME 
0 53 | 0 | 3 | 0 | 49 | 0 
6/64 | 50 | 3 | 54 | 5 | 46 | 3 
6/16 27 26 jog OY 36 | 33 | 16 
6/4 oul 42 | 10 | 49 | 4 | 35 
6/1 Pew Ql 53 | oO | 59 Puig | 49 


As can be seen in the table, the inhibitory effect generally increases 
with increasing intensities of the inhibitory light; if the inhibitory effects 
are plotted as ordinates against the logarithms of intensities a sigmoid curve 
will be obtained for each retinal process, and within the middle range of 
intensities the relation will be found approximately linear. However, 
such relationship is observed only when the intensity of the pré-illuminating 
light is sufficiently high. 

In the next step, the dependence of inhibitory effects on the intensity 
of the pre-illuminating light was systematically investigated at varying 
intensities of inhibitory lights, and the data are summarized in Fig. 1. In 
this figure, -values measured 2 seconds after the end of the pre-illumina- 
tion are plotted against the logarithms of the intensities of the pre-illuminat- 
ing light. The uppermost curve was obtained without any inhibitory 
light, and the other curves with green inhibitory lights of intensities labelled 
each. The inhibitory effect is, therefore, given -as the difference of the 
ordinate of the uppermost curve and any one of the other curves. 

It is interesting to note that with the decrease in the intensity of the 
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Fig. 1. Dependence of inhibitory effects upon the intensity of the pre- 
illuminating light. Ordinates: ¢-values or percentage increases in electrical 
excitability of the eye. Abscisse: logarithms of intensities. I denotes the in- 
tensity of inhibitory light in arbitrary units. Inhibitory effects are given by 
the differences between ordinates of the curve for I=O and corresponding 
ordinates of the other curves. - 


pre-illuminating light the curves tend to converge to a limited region com- 
mon to all the curves. At the intensity corresponding to this region, the 
inhibitory effect depends little on the intensity of the inhibitory light. On 
further decreasing the intensity of the pre-illuminating light, a reversal of 
effects occurs; the stimulus causes facilitation instead of inhibition in this 
range of intensity. 

It must be noted that no facilitation was observed when the inhibitory 
light was applied to the contralateral eye under otherwise one and the 
same experimental conditions. Such is another noteworthy difference 
between peripheral and central interactions. 


3. Wave-Length Dependence of Inhibitory E fects. 


After having studied the dependence on the intensities of light-stimuli 
we have now to proceed to investigate the dependence on the wave-lengths 
of inhibitory lights. For this purpose it is necessary to work at a sufficiently 
high intensity of the pre-illuminating light so as to represent the differences 
due to wave-lengths as conspicuously as possible. The data obtained from 
the fovea of normal man are shown in Fig. 2. In this experiment the in 
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Fig. 2._Wave-length dependence of inhibitory effects of spectral lights 
upon three retinal processes at the fovea of normal man. 


tensity of the pre-illuminating light used was 60 lux, and the procedure to 
measure the effect on each process was the same as stated above. As can 
be seen in the figure, the three curves representing the distributions of in- 
hibitory effects over the spectrum are closely similar to the physiological 
sensation curves or spectral loci reported by Motokawa.®*) The maxima 
of the corresponding curves are in good agreement with respect to their 
locations in the spectrum. The maximum for the R process lies at 600 
my in this experiment while the maximum of the sensation curve R is locat- 
ed at 590 my. It is a property common to both sorts of curves that they 
show a small second maximum in the blue region of the spectrum. 

The maxima for the G and the B processes are located at 545 my and 
450 my, and these locations agree with the corresponding ones of the phy- 
siological sensation curves within the limits of experimental error. 

Similar experiments were made at 15° from the fovea. The results 
are illustrated in Fig. 3., As the figure shows, the locations of the maxima 
for the R and the G processes are not identical with those observed at the 
fovea; the maximum for the R process is slightly displaced towards the 
red end of the spectrum while that for the G process is displaced in the 
opposite direction, and this relation closely resembles the corresponding 
relation’ observed between the physiological sensation curves at the fovea 
and in the periphery. The fact that there is no regional difference with 
respect to the maximum for the B process applies also to the present data. 
In short, Motokawa’s findings concerning the physiological sensation curves 
have completely been corroborated by the present investigation from an 
entirely different angle. 
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Fig. 3. Wave-length dependence of inhibitory effects of spectral lights upon 
four processes at 15° from the fovea of normal man. 


Discussion. 


In all our experiments, the supernormal electrical excitability of the 
eye caused by the pre-illuminating light is always preceded by a brief— 
up to 0.5 seconds—refractory period. Although refractoriness and super- 
normality are quite different in appearance, they represent successive 
phases of one and the same-recovery process. Hence they can change from 
one into the other and vice versa. In the usual course of recovery, re- 
fractoriness is followed by supernormality, as exemplified in our excitability 
curve, but the process can be reversed by a second stimulus applied in the 
supernormal phase. The second stimulus not ‘only retards the recovery 
process but also changes the state from supernormality into refractoriness. 

When the inhibitory stimulus is not strong enough to abolish the super- 
normality completely, it reduces the latter to varying degrees depending 
upon its intensity. On the contrary, the supernormality is increased by 
the action of the second or modifying stimulus when the intensity of the 
pre-illuminating light is lower ‘than a certain definite level, as shown in 
the experiment described above. Thus it depends upon the level of ex- 
citatory state prevailing just before application of the modifying stimulus 
whether inhibition or facilitation ensues. 

It is probable that the excitatory state set up by the pre-illuminating 
light decreases progressively unless any modifying stimulus is administered 
during the decay of the excitatory state. However, our excitability curve 
shows that the supernormality develops following the refractory period 
and declines after having reached a maximum. This fact may be so inter- 
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preted that the maximum of supernormality corresponds to a certain op- 
timum level of extitatory state. From this interpretation it follows that 
a further increase in excitatory state caused by the modifying stimulus 
results in a decrease of supernormality or inhibition, when the prevailing 
excitatory state is above the optimum level. On the contrary, a further 
rise in excitatory state causes an increase of supernormality when the 
prevailing excitatory state is below the optimum level’ This is the 
reason why the modifying stimulus sets up facilitation at a low intensity 
of the prei-lluminating light. 


SUMMARY. 


The supernormal electrical excitability of the eye following an pre- 
illumination is reduced or abolished by the second light applied prior to 
the test of electrical excitability, and this phenomenon is called retinal in- 
hibition. 

1. Retinal inhibition must be an physiological event occurring at 
the retina because the modifying light applied to the contralateral eye 
which has not been pre-illuminated, has only a slight inhibitory action 
upon the retinal process occurring in the ipsilateral eye, compared with the 
same stimulus applied to the ipsilateral eye which has been pre-illuminated. 
The mode of action of the light applied to the contralateral eye is not selec- 
tive, but all the retinal processes are equally inhibited by it. 

2. The degree of retinal inhibition increases linearly with the loga- 
rithm of the intensity of the modifying light within the middle range of 
intensities. 

3. Retinal inhibition depends also upon the intensity of the pre-illu- 
minating light; Generally the higher the intensity the more marked the 
retinal inhibition. The reversal of effects or facilitation occurs when the 
intensity is lower than a cértain definite level. Such facilitation is never 
found when the modifying light is applied to the contralateral eye. 

4. The wave-length dependence of the inhibitory effects of spectral 
lights upon each retinal process is closely similar to the physiological sensa- 
tion curve reported by Motokawa. 

5. The mechanism of retinal eC ibtiion. and facilitation is discussed. 
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We have shown in a previous paper’ that retinal inhibition provides 
us a useful means for analysing the retinal processes underlying color vision. 
The method is based on the fact that the supernormal electrical excitability 
of the eye following a pre-illumination is selectively abolished on the second 
exposure to colored light. In our preceding experiments, inhibitory colored 
light was presented immediately after the end of the pre-illumination and 
continued until the test of electrical excitability was over. It was found in 
these experiments that inhibitory effects depend greatly upon the time 
relation of the inhibitory light to the electrical stimulus. This relation 
can also be utilized for analysis of the retinal processes. In the present 
report the data obtained in-such analysis are described in detail. 


EXPERIMENTAL. 
Method. 


As stated in our previous paper’, we must construct excitability curves 
with and without delivering inhibitory stimulation in order to determine 
the effects of inhibitory stimuli. The method to obtain the excitability 
curve was described in detail in a paper by Motokawa,” so that it may be 
omitted here. 

To apply or to remove inhibitory light at any moment between the 
end of pre-illumination and electrical stimulation a shutter was used which 
could be closed or opened by means of an electromagnet. The key for the 
circuit of the electromagnet and the keys for production of a rectangular 
constant current pulse were opened in succession by a spring rheotome so 
that the time interval between the ‘‘ on”’ or “ off” of the inhibitory light 
and electrical stimulation could be controlled at will by varying the mutual 
distance between the keys mentioned above. The scales of the rheotome 
were calibrated beforehand by means of a photocell and an electromagnetic 
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oscillograph and expressed in terms of seconds. 

All experiments were performed in a dark room after a preliminary 
dark adaptation of about 20 minutes. For pre-illumination the white light 
from an incandescent lamp was used, and for inhibition monochromatic 
lights from a spectroscope, a test patch of ground glass 2° in visual angle 
being used for both pre- and inhibitory illumination. 


Results. 
1. Experiments at the Fovea Centralis. 


The excitability curves for the three basic color processes R, G and 
B have a maximum at one, two and three seconds respectively. It is, 
therefore, appropriate to measure inhibitory effects of any colored light 
upon these maximum values of { in order to get information about the in- 
hibition of each process, where ¢ represents the ordinate of the excitability 
curve or the percentage increase of electrical excitability after pre-illumina- 
tion. For example, to determine the inhibitory effect of a flash of red 
light (650 my) upon the R process, the electrical excitability at the moment 
one second after the end of the white light-stimulus must be determined, 
and then, a similar measurement must be carried out with an inhibitory 
flash of light delivered at the moment say 0.13 seconds prior to the electrical] 
stimulus. Let the ¢ values obtained in this set of experiments be 51 and ° 
25, then the inhibitory effect is obtained as the difference of these values, 
that is 26. Similar measurements are performed at varying intervals be- 
tween the flash and the onset of electrical stimulation to map out the de- 
pendence of inhibitory effects upon such intervals. The relation deter- 
mined in this manner is represented by the curve R in (b) of Fig. 1. For 
simplicity the interval between the flash and the electrical stimulus was 
termed “‘I-S interval”. As can be seen in the figure, the inhibition is 
most marked when the I-S interval is equal to zero and it declines as the 
interval increases in both positive and negative directions, where a negative 
I-S interval means that the flash follows the electrical stimulus. 

Similar relations for the G and B processes were determined by measur- 
ing the effects of green light (530 my) and of blue light (470 mz) upon the 
¢-values at the moments 2 and 3 seconds after cessation of the pre-illumina- 
tion respectively. They are illustrated as the curves G and B in (b) of 
Fig. 1. As can be seen in this figure, there are definite I-S intervals at 
which inhibitory effects are maximum. Such intervals were termed “‘ the 

* optimum I-S intervals’. The opt. I-S intervals for the three processes | 
R, G and B are 0, 0.13 and 0.37 seconds respectively. 

Another series of similar experiments was performed with “‘ off-effects ” | 

of continuous colored lights instead of flashes. The data obtained are | 
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Fi. 1. Dependence of inhibitory effects upon the interval between 
removal of inhibitory light (or a flash) and electrical stimulation or I-S interval. 
Procedure of experimentation is shown diagrammatically in the inset, where 
Wh represents pre-illuminating white light, 2 inhibitory spectral light, + I-S 
interval and S electrical stimulation. (a): inhibition by “ off ”-effects at the 
fovea. (b): inhibition by a flash of about 1/20 second at the fovea. 


represented in (a) of Fig. 1. In this case the inhibitory light was presented 
immediately after removal of the pre-illuminating light and removed at 
varying moments before or after the onset of electrical stimulation, where 
the interval from removal of the inhibitory light to the onset of electrical 
stimulation was designated ‘the I-S interval”. As can be seen in the 
figure, the result is closely similar to that obtained in the experiment: with 
flashes, the opt. I-S intervals for the three processes showing satisfactory 
agreement in both experiments. Some difference in the degree of inhibi- 
tion especially with respect to the B process rests on the circumstances that 
the exposure time was too short for the blue inhibitory light to be effective 
enough in the experiment with flashes. It must be emphasized that the 
optimum I-S interval for each process is entirely independent not only of 
the intensity, but also of the wave-length of the inhibitory light used, as 
already pointed out by Motokawa.* 
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2. Experiments at the Periphery of the Retina. 


It has been shown®® that there exists a unitary yellow process Y 
besides the three processes R, G and B in the extrafoveal regions of the 
retina. In the present experiment the inhibition of the Y process was 
investigated at 15° from the fovea, by using yellow light (585 my) as 
inhibitory light. The interval between the end of pre-illumination and 
the onset of electrical stirhulation was fixed at 1.5 seconds, because it 
corresponds to the crest time of the Y process. 

Fig. 2 shows the curves of inhibition representing its relation to the 
I-S interval at 15° from the fovea. The opt. I-S intervals for the pro- 
cesses R, G and B coincide with those obtained at the fovea. The opt. 
I-S interval for the process Y is 0.07 seconds, that is, a value intermediate 
between those for the R and G processes. It is to be.noted that at the 
fovea, the G process suffers from the most marked inhibition of all the 
processes, whereas at 15° from the fovea it is the Y process that is subjected 
to the greatest inhibition. This indicates that the Y process is the most 
dominant pfocess in this region of the retina. 
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Fig. 2. Four color processes at 15° from the fovea as revealed by selec- 
tive inhibition. Ordinates: inhibitory effects. Abscisse: I-S intervals (rt). 


In all the experiments described above we fixed the time interval 
between the end of the pre-illumination and the onset of electrical stimu- 
lation or the ‘ P-S interval ”’ at one, two and three seconds for determining 
the inhibitory curves of the three processes R, G and B respectively. It 
may seem, therefore, that the opt. I-S interval characteristic of each process 
depends absolutely upon the choice of P-S intervals. However, the 
following experiment shows that the opt. I-S interval does not always 
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depend upon the P-S interval adopted. Fig. 3 represents a set of inhibitory 
curves which were obtained by fixing the P-S interval at 1.5, 1 and 2 
seconds, yellow light being used as inhibitory light in all cases. The 
degree of inhibition is highest for the P-S interval of 1.5 seconds which 
corresponds to the crest time of the Y process, and more or less smaller 
for P-S intervals different from the characteristic interval 1.5. Neverthe- 
less the course of all inhibitory curves is the same, and the optimum inter- 
vals of all curves closely coincide with one another. This finding indicates 
that we have measured the inhibition of one and the same process, though 
the measurements were done at different P-S intervals. 
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Fig. 3. Experiments showing that the time course of inhibitory curves 
remains unaltered as the time interval between the end of pre-illumination and 
the onset of electrical stimulation or P-S interval varies. P-S intervals for the 
curve connecting empty triangles, for that connecting crosses and for that con- 
necting circles were 1, 1.5 and 2 seconds respectively. 





In turn, we are able fo demonstrate instances showing considerable 
dependence on the P-S intervals; Motokawa* reported curves of in- 
hibition determined by fixing the P-S interval at 1.5 seconds with yellow 
light as inhibitory light. Such a curve, at the fovea, always showed two 
maxima at 0 and at 0.15 seconds, of which the one corresponded to the 
opt. I-S interval for the R process and the other to that for the G process. 
On fixing the P-S interval at one and two seconds two curves having a 
single maximum at 0 and at 0.15 seconds respectively were obtained. The 
question now arises as to why the opt. I-S interval depends so definitely 
on the P-S interval in the one case, but does not in the other. It may be 
answered as fallows: When the inhibition of any one process is decidedly 
stronger than those of the other processes the former alone is measured, 
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irrespective of the P-S interval adopted. The experiment on the Y process 
at 15° from the fovea belongs to this case. On the contrary when two or 
more processes suffer from a nearly equal degree of inhibition, the P-S 
interval becomes the determining factor. The inhibition by yellow light 
at the fovea is a representative of this case. 


3. Inhibition of the Scotopic Process. 


By fixing the P-S interval at 2 seconds and with green light (530 mz) 
as inhibitory light the curve connecting empty circles as illustrated in (a) 
of Fig. 4 was obtained. Since this curve has an optimum I-S interval of 
0.15 sec. the process involved must be the G process. On reducing the 
intensity of the pre-illuminating white light from 60 lux to 0.14 lux and in 
addition on reducing that of the inhibitory light to 1/36 of the intensity 
used in the experiment stated above, the curve connecting solid triangles 
in the same figure was obtained. The opt. I-S interval of this curve is 
0.05 seconds. And, this value is so close to that of the opt. I-S interval 
for the Y process that one might be tempted to identify the process in ques- 
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Fig. 4. Scotopic process as revealed by selective inhibition. The curve 
represented by cifcles in (a) refers to the G process at 15° from the fovea. The 
curve connecting solid triangles was obtained on reducing the intensity of pre- 
illumination from 60 to 0.14 lux and that of inhibitory light to 1/30 of the 
intensity used in above experiment. (b): inhibitory curve taken at 40° using 
red, green and blue light of not reduced intensity as inhibitory light. 
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tion with the Y process. In order to answer the question as to whether 
this process is identical with the Y process or not, a series of experiments 
was carried out at 40° from the fovea with the routine intensity of illumina- 
tion so as to avoid any complication due to reduction of intensities of illu- 
mination. The inhibitory lights used in this experiment were red (650 my), 
green (530 my) and blue (470 my) lights, and the P-S interval was the 
same in the above esperiment. The results are illustrated in (b) of Fig. 
4. As can be seen in this figure, the data obtained with the three kinds 
of inhibitory lights can be expressed by a single common curve, and the 
opt. I-S interval coincides closely with that obtained at 15° from the fovea 
in the experiment with reduced intensities of illumination. These findings 
suggest that the process in question is a scotopic or rod process. Evidences 
supporting this view are as follows: 

(1). The opt. I-S interval is independent of the wave-lengths of in- 
hibitory lights. 

(2) The process cannot be proved at the fovea. 

(3) In the intermediate regions of the retina between the fovea 
and the extreme periphery, the process can be proved only when the in- 
tensity of pre-illuminating and inhibitory lights is sufficiently reduced. 

(4) The inhibitory effect is greatest when the P-S interval is fixed 
at 2 seconds which correspond to the crest time of the excitability curve 
of the rod process.®)® 

(5) The process is inhibited by blue light as shown above, and this 
finding cannot be understood as the Y process, because the latter usually 
is not inhibited by blue light which is complementary to yellow,” 

More conclusive evidence has been provided by the following ex- 
periment, in which the wave-length dependence of inhibitory effects was 
investigated. In the experiments shown in (b) of Fig. 4 the intensity of 
inhibitory lights was high enough to cause the maximum inhibition so 
that the degree of inhibition depended little on the wave-lengths. In 
the following experiment, the intensities of inhibitory spectral lights were 
reduced to 1/6 of those used in the above experiments in order to work at 
submaximal intensities, and the measurements were made at 40° from the 
fovea, fixing the P-S interval at two sec. and the I-S interval at 0.05 sec. 
The result is shown as the curve connecting solid triangles in Fig. 5. For 
comparison the wave-length dependence of the inhibitory effects upon 
the Y process is illustrated as the curve connecting empty triangles in the 
same figure. This experiment was made with the routine intensity of 
the spectral lights and at 15° from the fovea, fixing the P-S interval at 1.5 
sec. and the I-S interval at 0.07 sec. As can be seen in the figure, the 
locations of the maxima of the two curves are clearly different from each 
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Fig. 5. Wave-length dependence of inhibitory effects. The curve in- 
dicated by empty triangles represents the spectral locus for Y process at 15° 
from the fovea. The locus for scotopic process at 40° is represented by solid 


triangles. 


other, indicating again that the process under consideration is not identical 
with the Y process. It is above all the most convincing evidence for the 
scotopic process that the location of the maximum coincides with that of 
the maximum sensitivity of scotopic vision. From these findings it is not 
premature to conclude that the process in question is the scotopic process. 


Discussion. 


The crest time of the excitability curve characterizes each retinal 
process, but when more than one process concurrently develop the ex- 
citability curve represents the envelope of the processes, and consequently 
an apparent crest time which belongs to neither of these processes can 
appear. In this respect, the optimum I-S interval is more specific of each 
process than the crest time, and there appear no such an apparent opt. 
I-S interval as can be ascribed to neither of the concurrent processes. The 
following examples serve to demonstrate this situation. The excitability 
curve for yellow light obtained at the fovea shows a maximum at 1.5 seconds, 
as if there were a unitary yellow process in the fovea of normal man. As 
a matter of fact, however, the process can be analysed into two component 
processes R and G which have their own crest times of one and two seconds 
respectively. Therefore, the crest time of the excitability curve for yellow 
light is no true crest time, but only an apparent one. This is a drawback 
to the crest time as a time constant to characterize each retinal process. 
As for the opt. I-S interval there appear no such apparent one as has 
to be subjected to further analysis. This is clearly demonstrated in 
the inhibitory curve for the yellow process at the fovea; the curve was 
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determined with yellow light as inhibitory light and with the P-S in- 
terval fixed at 1.5 seconds corresponding to the apparent crest time 
of the excitability curve for yellow light. The curve showed two distinct 
maxima of which the one corresponded to the opt. I-S interval for the R 
process and the other to that for the G process (see Motokawa’s paper®’). 
At any rate, it is a great advantage for identification of retinal elements to 
have such characteristic time constants as the opt. I-S interval and the true 
crest time. While the classification of retinal elements by Granit*® is 
only based on the distribution of their spectral sensitivity, our own is based 
on three different characteristics, namely the crest time, the opt. I-S in- 
terval and the distribution of spectral sensitivity. The characteristics of 
the retinal processes in normal man are summarized in Table I. 


TABLE I. 


Characteristics of the Basic Retinal Processes of Normal Man as Revealed by 
Electrical Stimulation of the Eye. 


























os , } ‘ | 
Kind of retinal True crest | Optim.I-S | . 
processes | timein sec. | interval in sec. | Monique nf epectyal locus 
R | 10 elle { 590 my in fovea 
/\620 mp in periphery 
Photopic | J 1.5 0.07............| 585 mp 
| GC | seem. |: OM nl (33 my. in fovea 
} |\530 my in periphery 
| B 3(2.75-3) | O.B5...scscsseee) 460 my 
Scoopic | g | 99 | 995 | 520 m 
process | } : i } 


As far as the photopic processes are concerned, both sorts of time con- 
stant go parallel to each other, and the shorter the time constant, the longer 
the wave-length of the most effective spectral light for each process. How- 
ever, the scotopic process does not follow the same rule as the photopic 
processes; the opt. I-S interval for the scotopic process is a little shorter 
than that for the Y process, while its crest time is longer than that of the 
Y process. Moreover, the most effective wave-length for the scotopic 
process lies between those for the G and B processes. 

It has been a recurrent question in the physiology of vision which of the 
processes, photopic or scotopic is more rapid. One has endeavored to 
answer this question in various ways, for example by the method of ‘‘ Em- 
pfindungszeit ’’® of reaction time, by Pulfrich’s phenomenon,”® by the 
method of flicker fusion.**” This question, however, has proved to be 
irrelevant since it has been elucidated by our experiments that there exist 
three or four retinal photopic processes of which some one is more rapid 
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than the scotopic process, but the others slower. Next, the question must 
be raised as to whether or not the proper time constant or velocity of the 
retinal elements can be determined by such methods as have been men- 
tioned above. It seems to us that the most reasonable method for this 
purpose consists in making measurements in the state of the retinal elements 
free from any direct influence of external stimuli. 

One cannot determine the natural frequency of vibration of any phys- 
ical system such as a pendulum, a monochord, a galvanometer etc. while 
an external force is acting upon that system. Because under such con- 
ditions only forced movements, but never free ones can be measured. 

As well known, one measures the natural frequency while the system is 
moving freely after the external force has ceased to act. Our method of 
measurement of the retinal processes is based on this physical principle. 
Hence the time constants determined by our method must be a reliable 
measure for the proper velocity of the retinal elements in their natural— 
not forced—state. The opt. I-S intervals and true crest times depend no 
more on the intensity of inhibitory as well as of pre-illuminating light than 
does the natural frequency of a physical system on the external force. The 
optimum I-S intervals remain independent of the intensity of inhibitory 
light so long as the “‘ off ’’-effect of continuous light or a flash is used as the 
inhibitory stimulus. On the contrary, they greatly depend on the intensity 
of inhibitory stimulation when the “ on ’’-effect of continuous light is em- 
ployed instead of the “‘ off ’’-effect, as pointed out by Motokawa.*) There- 
fore, it is difficult to know the proper velocity of the retinal processes from 
the data obtained by such various methods as referred to above, because 
direct effects of external stimuli are involved in such experiments. 


SUMMARY. 


The excitability curve of the human retina suffers from a considerable 
deformation under the action of colored light which is presented after an 
pre-illuminating light has been removed. The deformation is due to the 
inhibitory effect of colored light upon the development of retinal processes. 

1. The dependence of inhibitory effects upon the time interval be- 
tween a flash of inhibitory light (I) and the onset of the electrical test-sti- 
mulus (S) was investigated, and it was found that there exist three different 
optimum I-S intervals for inhibition at the fovea, and that each optimum 
I-S interval is characteristic of one of the three basic processes R, G and 
B. 


2. The same relation was further corroborated by employing con- 
tinuous inhibitory light instead of a flash, where the time interval between 
the removal of inhibitory light and the onset of electrical stimulation was 
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designated as the I-S interval. 

3. Outside the fovea, there appeared four optimum I-S intervals, of 
which three coincided with those for the R, G and B process at the fovea, 
and the other was shown to be concerned with the inhibition of the Y pro- 
cess. 

4. At the extreme periphery of the retina, there appeared another 
kind of optimum I-S interval. It was elucidated that this interval charac- 
terizes the scotopic process. 

5. The physiological significance of the time constants determined in 
the above experiments was discussed. 
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The chief physiological action of citral and other aldehydes, as Al- 
bertani and Lussana, Vincenz Cervello,®) Takase”) have shown, is paralysis 
and besides aldehydes have the local stimulative action, the toxic action 
and the disinfectant action. 

The works of Vernon,” Overton and Lewin® are by no means suf- 
ficient. I have studied seven kinds of aldehydes and I want to show the 
results in this paper. The chemical formulas of aldehydes used are as 
the following.®® 


Drugs Chemical formula 
Citral * (CHs)2C:CH-CHg CH,-C(CHs):CH-CHO 
Citronellal Sample I CH, :C(CHs)-CH,-CH,-CH,-CH(CHs)-CH,-CHO 
citronellal Sample II another sample 
Butylaldehyde CH;-(CH,).-CHO 
Iso-butylaldehyde (CHs)2-CH-CHO 
n-Capronaldehyde CH,-(CH,),-CHO 
Heptylaldehyde CHy-(CHs)5-CHO 
EXPERIMENTAL. 


Experiment on a Tadpole. 


Introductory :—The tadpole used in this experiment was that of Rana 
japonica. As it seems that the effect of drugs varies in accordance with 
the periods of growth and the kind of breeding liquid, I made by experi- 
ment in the same kind of liquid with the same generation of tadpoles of as 
much the same size as possible and observed them at three different stages 
of their growth. Before the experiment I eliminated the diatom, lest the 
effect of drugs should be disturbed by tadpole’s eating it. I put ten tad- 
poles in each of bottles with 200 cc liquid containing the drugs at the rate 
of 0.1, 0.02, 0.0125, 0.01, 0.005, 0.0025, 0.002, 0.00125 and 0.001%. 
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First, they came to standstill. Secondly, they did not move even if pricked. 

Last, they became immovable and stopped gill-breathing. At this moment 

I considered them as completely dead and observed their internals. I 

measured the death-time in the concentration by the average of the time 
“which was required to kill all the tadpoles. 

Result :— 

(1) Tadpole with no limb: 

The toxicity of citral, citronellal I and butylaldehyde was strongest 
and the tadpoles were completely dead with 0.002% solution in about 60 
mins., while that of n-capronaldehyde was weakest and with 0.1% solution 
they were dead in about 8 mins. 

(2) Tadpole with a limb and a tail: 

In 0.002% solution of citral and butylaldehyde they were dead in 
about 120 mins., in 0.0025% citronellal I solution, in about 180 mins., in 
0.1% n-capronaldehyde solution, the effect of which was weakest, in about 
96 mins. 

(3) Grown frog: 

In 0.0025 % solution of citral and citronellal I the y were dead in about 
60 mins., in 0.005% solution of butylaldehyde and iso-butylaldehyde, in 
about 85 mins., in 0.0125% heptylaldehyde solution, in about 96 mins., in 
0.1% n-capronaldehyde, the effect of which was weakest, in about 20 mins. 

Then, when the gill-breathing had stopped, the tadpoles were put 
into service water and I observed their recovery, there were no difference 
in their recovery throughout the above three periods of growth. That is, 
the concentrations in which they could not recover were within citral, 
citronellal I and butylaldehyde 0.002%, isobutylaldehyde 0.005 %, heptylal- 
dehyde 0.0125%, n-capronaldehyde 0.1%. Judging from the above result, 
as to the tadpole killing action both citral and butylaldehyde are most 
strongest citronellal I is next, while n-capronaldehyde is weakest. The 
minimal lethal doses were citral 0.002%, citronellal I 0.0025%, butylal- 
dehyde 0.002%, iso-butylaldehyde 0.005%, n-capronaldehyde 0.1% and 
heptylaldehyde 0.0125%. 


Experiment of Determining the Lethal Dose on a Mouse. 


Method and Results:— 

I used healthy mice weighing 10 to 25 g. which had been bred for 
several days under the same condition. Without giving them food for five 
hours or so before the experiment, I have them an injection of the drugs in 
the back subcutaneous and abdominal and observed the poisoning effect. 
The drugs which was made homogenous by NA type magnetostriction 
vibrator (Nukiyama-Aoyagi) were injected as slowly as possible. I put 
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one group of three or four mice to the test of each concentration. The 
method of compounding drug solution injected is as the following. Alde- 
hydes are not easily dissolved in water, but in various kinds of oils. 

A: That which dissolved drugs at the rate of 25% in arachis oil. 
(used only for citral). 

B: That solution containing 10% drug which was made by adding 
distilled water to the solution of method A and then made equalized with 
NA type magnetostriction vibrator. At this time I used a small dose of 
gelatine in order to keep chymification.® (used for all aldehydes). The 
equipment of producing super-sonic wave in this experiment was made by 
Yasuyuki Ibaraki, M. Sc., of the Electrical Communication Laboratory, 
Tohoku University, Sendai. 

Citral. 

I injected in the back subcutaneous and the abdomen of a mouse the 
solution by the means of A at the rate of 2.0, 1.5, 1.0, 0.5 and 0.3 mg. per 
every gramme of its weight and the solution by the means of B at the rate 
of 2.5, 2.0, 1.5 and 1.0 mg. and then observed their poisoning effect. In 
a similar manner I made seven days’ continuous injecting experiment with 
the solution by the means of B at the rate of 1.0, 0.8, 0.6 and 0.4 mg. per 
every gramme. The mice in which was injected the solution B at the rate 
of 2.5 mg. per every gramme of its weight, the poisoning effect being so 
much intense, quickened and then gradually slackened their breathing in 
30 secs. to 60 secs. after injection and dropped their heads down and stuck 
chests and abdomens to the floor, became helpless and immovable, came 
to dyspnoea and finally fell into complete paralysis, broke out into cramp. 
After their death I opened the body and I could not find any remarkable 
change or edema, either in the part injected. In the same way, among 
the group of mice injected at the rate of 2.0 mg., all that were injected in 
abdomen were dead. The general symptoms were the same as in the 
above case, but the lapse to death took a little longer time. One of those 
injected in subcutaneous became inactive, immovable, dyspnoeic and broke 
out into cramp, then died. When I opened the body, I could not find any 
remarkable change. The group of mice injected at the rate of 1.5 mg. 
were only paralyzed and it took a short time for them to recover. As to 
the group of mice injected at the rate of 1.0 mg., there was no perceptible 
change. On the other hand, the case of mice injected A was as follows: 
the mice injected in subcutaneous at the rate of 2.0 mg. were all dead, its 
toxicity being most intense. The group of mice injected in abdomen at 
the rate of 1.5 mg. showed the same result as the above case. In the seven 
days’ continuous injecting experiment the mice injected in subcutaneous 
or abdomen at the rate of 1.0 mg. were all dead and half of the mice injected 
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at the rate of 0.8 mg. in subcutaneous were dead. 

The minimal lethal dose was 2.5 mg. per every gramme of one’s weight, 
but varied somewhat in accordance with solvent or part injected. I ob- : 
served that the minimal lethal dose was smaller in A than in B throughout 
in both abdomen and subcutaneous. (cf. Table I) 











TaBLeE I. 
1 iad Drugs | ss 
The part injected Lhe | B-method | A-method 7 days cont inj. exp. 
See | 
Abdominal cavity 2.0 mg | L5mg | 0.8 mg ‘ 
Subcutaneous | i 2.0 me 0.8 ,, ¢ 


Citronellal I. 

I made experiment, injecting citronellal I on mice at the rate of 5.0, 
4.0, 3.0 and 2.0 mg. per every gramme of one’s weight. The group of mice 
injected at 5.0 mg, the toxicity being most intense, became slow and violent 
in the aspiration in | to 2 mins. after injection, dropped the head down, 
stuck the abdomen to the floor, became quiet in general behavior, unwilling 
to walk, scarcely stirring without stimulating. Then they showed more 
difficulty in breathing and developed more paralysis, were unable to walk 
though stimulated and fell into helplessness. At this stage I often per- 
ceived cramp. In 30 to 180 mins. they all fell into complete paralysis 
and died. When I opened the body, I could not find any remarkable 
change. The group of mice injected at 4.0 mg. were dead taking the same ) 
course as the above, but among them only one did not break out into cramp | 
though it fell into intense paralysis, and recovered perfectly in 15 hours. ) 
The group of mice injected at 3.0 mg., though they were paralytic and 
sedative, were not conspicuously dyspnoeic and all recovered gradually. 
As to the group with 2.0 mg. injection I could not perceive any remarkable 
change. The minimal lethal dose was 4.0 mg. per every gramme of one’s 
weight in both subcutaneous and abdomen. 

Citronellal II had almost the same result as citronellal I. 

As to butylaldehyde, iso-butylaldehyde, n-capronaldehyde, heptylal- 
dehyde, I made experiment in a similar manner. The minimal lethal 
dose and the maximal effective dose were as the following table: (cf. Table 
II) 

The above result tells that all seven kinds of aldehydes give effect on 
central nervous system of mice, chiefly paralysing it. I observed cramp 
and stroke at the last stage of poisoning. The toxity of these aldehydes, as 
table I shows, seems somewhat to be enfeebled as the result of oxidizing 
action by oxygen in the origination apparatus when supersonic wave acts 
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Taste II. 
Drugs Max. effect dose Lethal dose 
Citral 2.0 mg 2.5 mg me } 
Citronellal I $0 4.0 ,, 
Citronellal II 3.0 ,, 4.0 ,, 
Butylaldehyde 20 , 3.0 ,, 
Isq-butylaldehyde 30 ,, 40 ,, 
n-Gapronaldehyde 6.0 ,, 8.0 ,, 
Heptylaldehyde 4.0 ,, 5.0 ,, 


on aldehydes. Besides I injected only arachis oil in subcutaneous and ab- 
domen and as the result of it I ascertained that arachis oils solution was non- 
toxic in the above quantity used. 


Effect on the Isolated Toad Heart." 


I made experiment on the toad heart by the Straub-Yagi’s method. 
Before the experiment, I made Ringer’s solution saturated with as much air 
as possible. 

Citral. 

I made experiment with various concentrations within 0.00003°, and 
didn’t perceive any change. I observed the amplitude of heart beat to 
lower slightly and then to increase gradually. 

With 0.00008% concentration, at first the amplitude of heart beat 
lowered a little and the frequency of it decreased. If at this moment 
Ringer’s solution was infused instead of citrals, the amplitude and the 
frequency of beat were restored to the normal state. With the concentra- 
tion of 0.0002%, the intensity of both systole and dilatation became very 
small, the frequency decreased gradually, the dilatable period of heart was 
prolonged, the beat became asymmetric and at last stopped at the dilatable 
position. With the 0.003% concentration, the systole and dilatation be- 
came quickly feeble, the frequency of beat decreased, and in a few minutes 
the beat stopped. The heart didn’t beat even though stimulated at this 
moment, the recovery of beat was effected by washing out with Ringer’s 
solution, but was not restored to the normal state. (cf. Fig. 1) 

With the 0.02% concentration, the enfeeblement of both systole and 
diastole and the decrease of frequency were abrupt, the beat stopped in a 
few minutes and was not recovered by washing out with Ringer’s solution. 

Citronella] I. 

With the 0.004% solution, the tension rose, but the amplitude and 
the frequency of beat were not disturbed. At 0.01% (cf. Fig. 2) at first 
the amplitude decreased and then increased gradually and indestinctly. 
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Fig. 1 With citral, 0.00122. 





Fig. 2 With citronellal I, 0.0122. 
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Fig. 4 With heptylaldehyde, 0.0192 





At this moment, if citronellal I solution was substituted for Ringer’s, the 
beat was recovered to its normal state with amplitude increasing. 

With 0.2%, the amplitude and the frequency decreased for a while, 
the frequency of beat was not disturbed at first and then became irregular 
gradually and at last the beat stopped at the dilative stage. Even if Ringer’s 
solution was substituted, it was not restored to the normal state. At the 
0.03% concentration, the amplitude decreased quickly, the systolic action 
became strong, the frequency decreased and in a few minutes the beat 
stopped. It was not recovered by substitution of citronellal I solution for 
Ringers. 

As to citronellal II, butylaldehyde (cf. Fig. 3), isobutylaldehyde, 
n-capronaldehyde and heptylaldehyde (cf. Fig. 4), I observed that they 
all had the same tendency as the above, judging from the result of sets of 
experiment with various concentrations.” 

Though I added various concentration of Atropin in all the above 
cases, there was no perceptible change, but aldehydes competed with various 
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concentration of barium in the above case.” 

In view of the above facts it is evident that these seven kinds of al- 
dehydes give effect directly on the heart muscle and paralyze it. The 
above results are tabulated in the following: (cf. Table ITI) 








TaBve III. 
| 
| Cessation dose of heart | Min. effect. dose. 
oes | beat (%) | (26) 

Citral 0.0003 0.00003 
Citronellal I 0.03 0.004 
Citronellal II 0.01 0.00008 
Butylaldehyde 0.002 0.00025 
Iso-butylaldehyde 0.03 | 0,0003 
n-Capronaldehyde 0.1 0.01 
Heptylaldehyde | 0.05 0.002 


Experiment of Hemolysis of Dog’s Erythrocytes. 


Method :— 

The dog used was a black mongrel with the weight of 10kg. I ob- 
tained the blood from a saphena vein, from which I made the solution 
containing 50% erythrocytes, after washing repeatedly with physiological 
salt water. I added one drop of the above erythrocytes solution to alde- 
hydes which had been mixed lightly with physiological salt water and then 
either left in the room-temperature for 24 hours or put in an incubator 
with 37°C. for 2 hours and afterwards left in the room-temperature for 22 
hours and I observed the degree of hemolysis of it. Most of them had the 
sediment of erythrocytes rather than complete hemolysis. 

Results :-— 

As to the time to begin hemolysis, it was after the interval of 12 hours 
in case of those which were left in the laboratory with 15°C. or so, and it 











TABLE IV. 
Drugs | Min. hemo. concent | Max. neg. concent 
\ 
Citral 0.00594 0.002524 
Citronellal I 0.05 ,, 0.02 ,, 
| | 
Citronellal II 0.02 ,, 0.01 ,, 
Butylaldehyde 0.02 ,, 0.01 ,, 
Iso-butylaldehyde .. 0.05 ,, 
n-Capronaldehyde 05 02 , 


Heptylaldehyde 0.05 ,, 0.02 ,, 











368 j. Kanno 


was after the interval of 2 hours in case of those which were put in an in- 
cubator for 2 hours beforehand. The state,of hemolysis reached a definite 
degree in 24 hours or so. Either in the case of those left in the room-tem- 
perature or in the case of those put in an incubator beforehand, there was 
not any great difference. I judged the minimal hemolytic concentration 
and the maximal negative concentration from the average of the result 
obtained by repeating the same experiment as the above three. The aver- 
ages are as Table IV shows: 


Experiment on the Blood Vessel of Toad’s Hind Leg. 


Method :— 

I employed the Lawen-Trendelenburg® method. I used Ringer’s 
solution. I infused various concentrations of aldehydes solution when the 
number of dropping became constant. The pressure of solution was 240 
mm.H,O. For fear that aldehydes solutions should give effect mechanical- 
ly on peripheral blood vessels, I injected solutions after strict filtering. 


Results :-— 

Citral. 

With 0.0005%, the number of dropping decreased remarkably. With 
0.0003% to 0.0001 %, it was not variable at all. At 0.0005% to 0.00003 %, 
it increased distinctly in 5 mins. and in 25 mins, increased by more than 
ten drops. With 0.000025% there was no perceptible change. 

As to citronellal I, citronellal II, butylaldehyde, iso-butylaldehyde, 
n-capronaldehyde and heptylaldehyde, I made experiment in .a similar 
manner, 

Judging from the above result, aldehydes effected the contractible 
action exclusively on the blood vessels of the toad’s hind leg. - With a small 
dose they, might also effect the dilative action, but it was to a small degree. 








TABLE V. 

Drugs Min. cont. dose Min. dilat. dose 
Citral 0.000524 0.00005 26 
Citronellal I 0.03 ,, 0.001 ,, 
Citronellal II | 0.02 ,, 0.0005 ,, 
Butylaldehyde 0.02 ,, 0.0005. ,, 
Iso-hutylaldehyde |r 0.01 ,, | 0.001 ,, 
n-Capronaldehyde 0.2 ee } 0.02 ‘s 
Heptylaldehyde an, 0.02 (0.016)2 





th 
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The minimal effective contractible dose and the minimal dilative dose are 
as Table V shows: 


Experiment of Checking the Growth of Baccillus and of Sterilization. 


Introductory : 

All the seven kinds of aldehyde used are liquid with considerable stink 
and in a normal temperature are easily oxygenized and are dissolved in a 
high temperature.®” Therefore, after they were soluted thinly with buoil- 
lon, I made no intermittent disinfection. The germs weré obtained from 
the bacteriology laboratory of the Tohoku University. 

Method :— 

The bacteria inspected were Staphylococcus aureus (Terashima), 
Streptococcus hemolyticus (Lancefield A No. 25), B. Typhosus, B. para- 
typhosus A, B and B. coli communis. 

I used drop one by one of the bacteria solution which was cultivated 
at 37°C. for 24 hours by the method 5 cc of a medium size test-tube. 

Results :— 

I measured the action of checking growth from the degree of tubidity 
after I made aldehydes act on bacilliat 37°C. for 24 hours. Then I cultivat- 
éed three test-tubes per every degree, at which the drugs were soluted thinly, 
and inspected the multiplying state. 

In citral each bacillus didn’t increase down to the rate of 0.01%, but 
began to multiply at 0.001%. Therefore, I concluded it had the action 
of checking growth and the sterilizing action at 0.01%. By the same course 
of experiment with other Aldehydes in those concentrations given at Table 
VI, I perceived they had the same action. (cf. Table VI) 








TaBLeE VI. 
D Staph, | Strep. | Bac. Bac. | Bac. B. coli 
rugs aureus | hemo. | typh. |. para.A | para.B | comm. 
Citral 0.01%. | 0.01% | 0.012 | 0.01%. | O0le | 0.012% 
Citronellal I Pa. a ae Tee; TP ae Te 
Citronellal II 001, | O01, | oo1, | oo, | oO, | 001, 
* Butylaldehyde lor, ? or) Poor, boa) 01, | Ol , 
Iso-butylaldehyde Ql . 0.1 ,, Ss | es al « or; 
n-Capronaldehyde Os +; ol . = 0.1 ,, Rein 1’ a Se 
Heptylaldehyde 01, | O81 , 0.1 ,, ee 
SUMMARY. 


The whole result may be summarised as follows: Aldehydes have 
the sedative and paralytic action on a tadpole and a mouse; especially a 
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mouse is killed with a considerably large dose, displaying cramp always in 
the course of poisoning. It is probable that they cause the paralysis of 
central nervous system. Each lethal dose is 2.5 to 8.0 mg. per every gram- 
me of mouse’s weight. It is perceived that there are remarkable differences 
as to the toxicity. Because in this experiment, a tadpole did not develope 
cramp even with a considerably large dose. In the seven days inject ex- 
periment, the local stimulative action ensures, and it is likely that tadpoles 
are killed with almost the same dose as lethal dose or the less excessive dose 
than lethal dose. 

Oxygenation by the oxygen of an originater apparatus, which springs 
up out of the action of super-sonic wave for the purpose of chymificating 
drugs, is slight and out of question. 

On the isolated toad’s heart, the aldehydes increase the beat and the 
systole and dilatation of a heart with a small dose, but with a large dose 
they paralyze a heart, weaken the beat or stop it at the dilative stage. It 
seems that its active point is there in myocardiums. At a definite con- 
centration a heart becomes excited with paralytic action if washed out with 
fresh Ringer’s solution. 

As for hemolytic action, it is conspicuous at high concentrations, but 
not at small concentrations. The blood vessel of toad’s hind leg, if al- 
dehydes act on it with a large dose, has the systolic effect exclusively and 
with a small dose they have the dilative effect to some extent, but not to 
any definite, remarkable extent. 

On bacillus, with one exception of n-capronaldehyde, aldehydes effect 
the action of checking growth and the sterilization action at the concentra- 
tions of 0.1% to 0.01%. 

H.M. Vernon has shown the relative toxicity of these aldehydes on 
a tortoise heart. Judging from his result, I expected that those aldehydes 
with which I made experiment should have considerably feeble toxicity. 
My result coincides with L. Lewin’s conclusion that Aldehydes have a strong 
hypnotic action. , 

In short, these aldehydes have the narcotic action, though in different 
grades, and the hemolytic action, of which I made the experiment in a 
test-tube, and the action of checking the growth of bacilli and the steriliza- 
tion. 


CONCLUSION. 


1. Aldehydes act chiefly paralytically on central nervous system, 
always accompanying cramp and spasm in the course of poisoning in case 
of a mouse, but with almost nothing in case of a tadpole. 

2. On the isolated toad’s heart aldehydes increase the heart function 
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with a small dose, while with a large dose, paralyze the heart and enfeeble 
the beat or stop it at the dilative stage. 

3. Aldehydes cause conspicuous hemolysis with a large dose on dog’s 
erythrocytes. 

4. On the blood vessel of toad’s hind leg, a small dose of Aldehyde 
effects no definite dilative action, but a large dose has the contractive action 
from the beginning. 

5. On bacilli aldehydes effect a considerably strong disinfectant 
action and the action of checking growth. 


(I have much pleasure in conveying my thanks to Prof. Osato for his 
direction and review in connection with the present work.) 
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INTRODUCTION. 


When investigations were carried on concerning the formation of the 
silver fiber, always was a question put before the students, absorbing their 
interest—what the fiber came from. There have been long historical dis- 
cussions”) as to whether it is derived from the protoplasm of a certain kind 
of cell or it is formed in an intercellular substance without any visible con- 
nection with cells. 

Since Virchow made confirmed the fundamental law that all cells are 
derived from the existing cells, the tendency has been to think too much 
of the activities of the cell, Perhaps influenced by this tendency, there 
are many, especially of the German school, who attribute the formation 
of the fiber to an activity of the cell. In Japan, therefore, this opinion 
seems to be predominantly supported by many scholars. 

Of those of this view, some considered that the fiber developed from 
a granular or a thready substance inside the protoplasm (Flemming,” 
Meves,*) Golowinski*’), and others insisted that it was created from a par- 
ticular part, so-called exoplasm, amorphous substance, or hyaline layer, 
which lies directly on the surface of the cell (Mall,® Hansen,® Huecke”’). 
Yamazaki,® Sekine” and Kinjo!® of our country have accepted the theory 
of intercellular formation from the result of their own experiments. These 
views, however, are deficient in satisfactory proofs, some from the mor- 
phological, and some from the experimental point of view. 

On the other hand, the opinion that the fiber is formed in an inter- 
cellular substance without any morphologic connection with cells has been 
furnished with many experimental facts. Among these experiments the 
following three—-Maximow’s experiment") by the tissue culture, Doljanski 
and Roulet’s!®) by the culture in-vitro and that by Nageotte!*/—are the 
most remarkable and interesting. Besides these, of course, we have had 
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many other experiments of less interest, for instance, fiber culture experi- 
ments by Baitsell,1“ Huzella,15 Kaneko and Hono,!® and experiments 
in-vivo by Heringa,!”) Hata!® and Machida.’ Though Maximow’s ex- 
periment seems to have not as yet been tried by any of our scholars, the 
result of Doljanski and Roulet’s!®) was confirmed by Kaneko and Hono,}® 
who carried on the same experiment themselves. 

Nageotte!® succeeded in forming the silver fiber on a slide glass with- 
out any cell at all. He first obtained a kind of albumin sol called Collagen 
A and B from animal tendons, then changed it into the state of gel. Thus 
he achieved his purpose. I took a particular interest in this experiment 
of his. Because, if his experiment can easily be tried again to be confirmed, 
it has a far more fundamental significance than Maximow’s or Doljanski’s 
to the view that the silver fiber is formed without any morphologic bearing 
on cells. I carried out practical tests with a much better result by making 
a certain modifications on his original method. 


EXPERIMEMTAL. 
Preliminary Experiments. 


To begin with I must explain the method Nageotte™ followed in his 
experiments. 

About 0.7 gr. of tendons is obtained when he takes them out one by 
one from a rat’s tail by beginning with its tip. Then cutting these tendons 
into pieces of about 1 cm., he placed them in 50 cc. of a 1/25,000 glacial 
acetic acid solution. He shakes the fluid in full degree and if after 30 
minutes these pieces of tendons show no sign of swelling, the solution must 
be changed for a new one. He again gives a good deal of shaking to the 
new solution and leaves it as it is till the following day. Then he finds that 
the tendons have been fully swollen and the albumin in them has been 
dispersed in the fluid, producing a limpid and somewhat viscid substance— 
albumin sol. This albumin sol, when it has been filtered through several 
thicknesses of gauze, is what Nageotte calls Collagen A. 

Apart from this, he prepares an ordinary type of slide glass with two 
parallel thin streaks of paraffin on it along its longer margins and between 
the two streaks putting a drop of Collagen A, he places on it a cover-glass, 
letting a slight space remain between it and the slide glass. Almost the 
instant he fills this space with 0.4-20% NaCl solution, it permeates into 
the Collagen A which has been spread in a membranous form and there 
appears a milk-white turbidity. This is caused by the development of fine 
fibers in the albumin so/-Collagen A. The formation of fibers can be ob- 
served under the ultramicroscope in their plain conditions. 

Next he washes these fibers of the taste of acid in water and fixes them 
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with a 1/10 neutral formalin. He tries to color them with silver, anilin blue 
or acid fuchsin and finds that they are subject to each of these dyes under the 
microscope. The meshes of these fibers have are most like the lattice fibers. 

I tried this test myself, first following the same method as Nageotte 
had adopted and gained the practical knowledge mentioned below. In 
the first place I found the considerably low success rate of fiber formation. 
My initial experiment was rewarded with only one some good specimen 
out of a hundred. Generally speaking, the lower percentage of success 
has been a common thing to all the experiments in which these kind of 
fibers are intended to be formed. For example, Baitsell*®) succeeded in 
forming fibers only on 181 sheets of glass out of 846 in his experiment by 
the suspending culture of intestines. In Japan Kaneko and Hono! re- 
ported that out of ninety they had had five sheets worthy to be considered, 
of which only one had fallen under the successful category, when they had 
experimented after Doljanski’s method by tissue culture. Another fact I 
discovered is the smaller number‘and poorer dyeing acceptability of the 
fibers which I gained in my early experiment in which I pursued Negeotte’s 
method than that of the fibers observed in vivo. This is also common to 
the fibers produced in laboratories. I have read the same result as mine 
in the statement of others’ experiments. 

To sum up, what I have known through the practical experiment I 
carried on by following Nageotte’s method are: (1) that argyrophil fibers 
can be formed in a sort of albumin sol merely by treating Collagen A with 
NaCl and without need of any cell at all; (2) but that the success rate by 
his original method is uncertain and low; moreover, the fibers produced 
are very fine and few and poor in dyeing acceptibility. 


Inquiries on the Fiber-Forming Conditions and My 
Own Experiments. 


What are the essential factors that make fibers formed when the ex- 
periment is conducted by Nageotte’s method? Under what conditions 
are such good fibers formed always as a natural consequence—such fibers 
as worthy to be compared with what found in an organic body? I care- 
fully examined into this point. 

First of all, as for Collagen A, which can be obtained by placing the 
tendons of a rat’s tail in a dilute acetic acid solution for a certain time, I 
have found that its conditions are not always the same if only his method 
is faithfully followed. Sometimes we get Collagen A of high degrees of 
thickness or viscidity; sometimes the reverse. Though the viscid one easily 
clots, for the other a highly thick salt solution must needs be treated as a 


coagulant. 
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Next, I inquired into the coagulating conditions of albumin sol. In 
the course of the study, the following rule has been accepted as established 
as regards the change of the state of glutionous solutions, that is, the change 
of sol-gel in the glutionous chemistry. The general rule*® is that the co- 
agulations of albumin so/ into gel undergoes the influence of the following 
five factors: (1) the thickness and (2) the pH of sol, (3) the kind of salt 
with which the sol is treated and (4) its thickness, and (5) the temperature 
at the time of coagulation. Then, can this rule also be applied in case 
of the coagulation of Collagen A? Attempting to solve this question I 
carried out critical examinations in test tubes with the said five factors in 
mind. The method I tried is as follows. 

Putting 0.1 cc. of various salt solutions of varying thicknesses into 
many respective test tubes containing 0.9 cc. of Collagen A, then giving 
each of them a good deal of shaking, I kept it at a constant fixed tempera- 
ture (20-30°C) for a fixed duration of time (10-30m.). If, then, there 
appeared a whitish turbidity in Collagen A, I assumed it to be positive. 
Thus, I tried this experiment repeatedly under the variously changed con- 
ditions of the five factors. One of the results will be seen in the following 
tabulation. (Table I) 

















TaABLeE I, 
Coagulation. Values of Salts for Collagen A. 
—mm 1/1 (%)— 
Temp 36°C 36°C 36°C L 5°C 
aah l | 
pH 3.0 | 5.0 | 7.0 | 5.0 
NaCl 344.82(2.0) | 86.205(0.5) | 34.482(02) | 172.41 (1.0) 
KCl 405.40(3.0). | 81.080(0.6) | 40.540(0.3) | »202.70(1.5) 
NH,Cl 422.53 (3.0) | 84.506(0.6) [ 42.253(0.3) |  211.26(1.5) 
BaCl, 240.33(5.0) | 96.153(2.0) | 9615(02) | 764.23 (16.0) 
MgCl, 526.31(5.0) | 189.468(1.8) | 10.326(0.1) | 1684.20(16.0) 
Na,SO, 210.87 (3.0) | 7.023(0.1) | 0.702(0.01) | 210.84(3.0) 
K,SO, | 17241(3.0) | 5.747(01) | — 0.574(0.01) | 287.35 (5.0) 
(NH,),SO, | 227.22(3.0) | 121.212(1.6) |  0.378(0.55) | 606.06 (8.0) 
(NH,),HPO, | 303.03(4.0) | 0.757(0.01) | 7.575(0.1) |» 757-57 (10.0) 


Remarks: Figures show by millimol litre the thickness of salt solutions when they made 
Collagen A begin to coagulate; those in parentheses the percentage of these solutions 
used. ? 


Here by coagulation value I mean the lowest degree of thickness of a 
salt solution enough to make Collagen A begin tocoagulate. The reciprocal 
of the figure of coagulation value shows coagulation ability of the salt. 
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The above table shows the following facts. The coagulation value 
of salts. for Collagen A is easily changed according to the changes of the 
five factors, as is the case with general albumin. It is readily subjected to 
the change of the pH of Collagen A and to that of the temperature at the 
time of coagulation. If the thickness of Collagen A is altered, we have 
a different result from that given in the table. The table gives us further 
knowledge: coagulation is difficult to be brought when the thickness of 
Collagen A is small, when its acidity is large or when the temperature is 
low at the time of coagulation. In these cases a much thicker salt is needed 
to effect the purpose. This means the rise of coagulation value, or the 
fall of coagulation ability of the salt. 

Though, for instance, the coagulation value of Na,SO, is 0.7028 mm1/1 
(0.01%) when the pH of Collagen A is 7.0, it is raised to 210.84 mm1/1 
(3.0%) if the pH is changed to 3.0. That is to say, the coagulation value 
of Na,SO, has shown a 300 times increase, the coagulation ability a 1/300 
decrease. The temperature, too, has a powerful influence. The coagula- 
tion ability of (NH,),HPO, falls to 1/1000 when the surrounding tempera- 
ture declines from 36°C to 5°C. The reason why the result of Nageotte’s 
experiment, when we adopt his original method, is not certain and seldom 
meets with success may be explained by this fact that the coagulation value 
of salts is easily and conspicuously changed according to the varying con- 
ditions. 

I derived some helpful suggestions to my studies from the above in- 
quiries on the coagulating conditions of Collagen A. I thought, that, as 
the formation of the silver fiber was, after all, a phenomenon of coagulation 
of albumin, its result must be successful in every case of experiments so long 
as necessary conditions were given to the five factors, 

(1) the visidity or thickness of Collagen A 

(2) the pH of Collagen A 

(3) the kind of the salt or electrolysis 

(4) the thickness of the salt (electrolysis) 

(5) the temperature at the time of coagulation 


as when the albuminous sol-gel change took place. 

When the conditions of the factors (1), (2) and (5) are constant, why 
is.it improbable that any kind of salt, if chosen in its right thickness, as well 
as NaCl, can serve to produce fibers of one sort in every case and theoretical- 
ly with the fullest percentage of success ? 

I did succeed in making silver fibers on the slide glass in almost all 
cases, even with various sorts of salts other than NaCl. 

As a practical method of my experiment, as I have stated, I first put 
0.1 cc. of different kinds of salt solutions of different degrees of thickness 
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into each of some ten test tubes where 0.9 cc. of Collagen A had been placed. 
After giving a great deal of shaking to the contained fluid I kept them at 
a constant temperature (20-30°C) for a certain fixed time (10-30 m.). 
Then I examined all the tubes to find some in wihch a whitish turbidity 
was clearly visible with my naked eye. 

Next experiment was conducted on the slide glass under the same 
conditions as in the preceding test with tubes, only with salt solutions not 
less thick than those which had brought about the said white turbidity. 
In this test I confirmed that any sort of salt would do for the purpose. And 
I actually obtained splendid silver fibers at will by following this method. 


The Forms of Fibers and Their Dyeing Acceptability. 


Those fibers which have been made under the above process can take 
well such dyestuffs as silver, acid fuchsin, or anilin blue, and may be clas- 
sified into three large groups according to the degrees of dyeing accepta- 
bility and apparent morphological aspects. 

Type A (Fig. 1). This is Collagen A whose condition has been chang- 
ed, through coagulation, into membranous gel, some part presenting a 
fibrous condition. The membraneous part is dyed well with anilin blue 
or acid fuchsin, but is colored light black or reddish purple with silver. 
The fiber of this type bears a similarity in its form and dyeing quality to the 
glutinous fibers in the granular tissue of an organic body (Fig. 4). It is 
produced when the thickness of a salt is very near to the coagulation value. 

Type B (Fig. 2). This fiber is formed when a salt is of higher thick- 
ness than the foregoing and its network is splendid enough to be compared 
with such a lattice fiber of an organic body as the reticulin of lymphatic 
gland (Fig. 5). Silver colors this fiber black and its figure of starry radifica- 
tion or branchy ramification, with their anastomosis, takes on a rich variety 
of reticulate structure. 

Type C (Fig. 3). When the thickness of a salt is a great deal higher 
than the coagulation yalue, fibers are like threads, which, gathering to- 
gether, assume the form of a “felt” textile fabric. Longer fibers present 
themselves with a serpentine shape, which we can see in the liver of a human 
body (Fig. 6), shorter ones being of spirochaeta shape (Fig. 8) which maxi- 
mow! found in the earlier stage of his experiment by the tissue culture 
or which can be indicated in the silver fiber of gingivae in an organic body 
(Fig. 11), or of needle-shape (Fig. 8). The fiber of this type, as well 
as that of type B mentioned above, is rich in argyrophillia property. 

In some other cases, an intermediate figure (Fig. 7) of the above types 
A and B just like that in the lymphatic gland of the human body (Fig. 10) 
or a concomitance of fibers of two different types may sometimes be found 





—m— a A -§* * eH OO et 


~- et +1 ee cert fF SS aa fee aaa 


ed. 
Lat 


ity 


me 
10t 


nd 





Experimental Silver Fiber 379 


according as the conditions change. 

Those fibers mentioned above are, though very different in form, all 
the same in quality. The formal difference is only due to the variant con- 
ditions at the time they are formed. 

Those fibers, formed in its passage when a salt solution permeated 
into Collagen A on the slide glass, arranged themselves in the same manner 
in one direction, suggesting a stream of a fluid (Fig. 12). This makes us 
suppose that there may be a kind of mechanical dynamic influence exercised 
on the formation and arrangement of fibers. As regards the general ques- 
tion whether a mechanical power has any influence on the formation of 
fibers or not, we have had several experiments by the students of this sub- 
ject. Doljanski and Roulet!® stated that in their test of giving mechanical 
tension to a culture base they could not by any methods stimulate the forma- 
tion of fibers, but that, they further stated, it influenced on the structure 
and the direction of arrangement of fibers if those fibers had already com- 
pleted their formation. Baitsell’“) said that by only giving tension to a 
culture base with a pin, he had been able to hasten the formation of fibers. 
He insists that the moving of living cells which have been separated from 
the tissue they belong to is helpful to the formation of fibers. After my 
own experiment, I have learned that the surface tension of Collagen A and 
the flowing of the solution being used for this test seem to have some con- 
cern with the structure and the direction of arrangement of fibers which 
are being formed. But there was no fact found that some mechanical 
power stimulated fibers to formation. 

As to the essential qualities of those fibrous substances which are to 
be colored black with silver, exact description has scarcely been given and 
investigations especially in the chemistry of argyrophilis has very seldom 


‘been made. Foot*) formed his own opinion after he criticized the views 


of Mall, Siegfried, Mallory and Parker and he himself carried on practical 
experiments. He says that reticulin can neither be digested by trypsin, 
pepsin, or HCl nor be disolved by boiling. It is composed of three groups 
of materials, that is, a non-constructive substance not to be impregnated 
with silver, a substance soluble in alcohol, and an argyrophilia substance 
not soluble in alcohol. Of these three the first material is the fundamental 
component; the last is the fibers considered as ready to be colored black 
with silver and not found among glutinous fibers. He continues that this, 
however, will lose its argyrophilisis if treated with a solution of alkali. But 
Nageotte and Guyon!* disagree with him. They have ascertained that 
no change occurs whatever in the argyrophilisis of reticulin after alkali 
treatment and say that this fiber is a compound thing of an albuminous 
substance with a kind of enzyme and a neutral salt. These are, so far as 
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I know, the only researches conducted in this field. In short, the so-called 
argyrophilia substance has not yet established its proper position as a sub- 
stance of definite chemical structure. 

With regard to the question from what this fiber comes in an organic 
body, there are, as was said at the beginning of this paper, divided opinions. 
Nageotte’s silver fiber gave an important suggestion to this study. But, as 
the result of his experiment was very capricious, I inquired into the neces- 
sary conditions of the generation of fibers and succeeded in making them 
clear. If these conditions are satisfied fibers can never fail to be created 
on the slide glass. And we can not but recognize them as the same with 
those found in the organic body, in their form (as shown in the photos) and 
their accepting attitude of silver or other dye-stuffs. Moreover, the con- 
ditions that influence the formation of these fibers are the same under which 
the sol-gel change occurs at the time of albuminous coagulation. The 
fibers, these conditions being fulfilled, come into existence without need 
of any cell whatever. As a matter of course, even though there is a cer- 
tain uniformity between the artificial fibers and those in vive, we must take 
care not to form a hasty conclusion that the silver fibers in vivo may also 
be created in this manner. However, the result of my above experiment 
will, I believe, give, at least, a powerful ground for the view that the silver 
fibers in vivo may be freely formed in an intercellular substance without any 
morphological connection with a cell. 


SUMMARY. 


Nageotte gained success in making silver fibers artificially on a slide 
glass by addying a proper amount of NaCl to an albumin sol, Collagen A 
which he had obtained after treating tendons of a rat’s tail with a dilute 
solution of glacial acetic acid. No cells were participant of this creation. 
After-experiments could confirm the result of his experiment, but the 'suc- 
cess rate was found extremely low. In my early tests when I adopted the 
same method of his, it'was only in one specimen out of about one hundred 
that I could see somewhat good result. In addition, these fibers were 
slenderer in shape, smaller in number and poorer in dyeing acceptability 
as compared with those in vivo. 

Thereupon, I examined into the essential factors of the artificial forma- 
tion of fibers and in consequence got a strong confirmation to the under- 
mentioned facts. 

The formation of these fibers is conditioned by the same general factors 
which allow the sol to change into gel when the albumin coagulation is 
brought about. These factors are the thickness and the pH of Collagen 
A, the kind and the thickness of salt that the sol is treated with, and the 
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temperature at the time of coagulation. When experiments are carried 
on with these five factors in their satisfactory conditions, fibers are sure to 
appear on the slide-glass. And what is more, the fibers formed are abund- 
ant and have the perfect uniformity in their dyeing acceptability and from 
with those silver fibers found in an organic body (shown in the photos). 

Following is an abridged description of my practical experiments. 
Before carrying out an experiment on a slide glass, I inquired in the neces- 
sary conditions of the coagulation of Collagen A in test tubes. 

I pour 0.1 cc. of a salt solution of different degrees of thickness into 
some ten tubes respectively where 0.9 cc. of Collagen A has been placed. 
Having been given a good deal of shaking, the fluid is kept at a certain 
constant temperature (20-30°C). After 10-30 minutes, I examine all the 
tubes to find some in which a whitish turbildity is clearly visible with my 
naked eye. I repeat this experiment on slide glasses instead of in tubes 
with the same process and under the same conditions. Only this time the 
salt solution needs to be as thick or thicker than that used in the foregoing 
test in tubes. Fibers are to come out without fail. This method can, 
with the most successful result, be applied practically to any other salt 
than NaCl. Moreover, the fibers formed are splendid enough to be com- 
pared with those in vivo and we can produce them whenever we will. 

These fibers produced in our laboratories take on a great variety of 
form and acceptability of dyes. But they may be classified into three major 
classes. The fibers of type A assume a membraneous form and are dyed 
well with aniline blue or acid fuchsin, but colored light black or reddish 
purple with silver. Those of type B form a lattice-like network and those 
of type C are like threads, which gather together, taking the form of a textile 
fabric of felt. Both the last two types are rich in argyrophilis and colored 
jet-black with silver. They are dyed comparatively well with aniline 
blue, but not so well with acid fuchsin. 

As has been mentioned above, there are various forms of fibers pro- 
duced, but as their forming conditions are clearly known in respective 
cases, we can experimentally make generate whichever sort of fibers of our 
own free will. When we use a salt solution of coagulation value, that is, 
of the lowest thickness enough to make Collagen A begin to coagulate, 
fibers belonging to type A are the most cases, and according as the solution 
increases in thickness, there appear those of type B and then those of type c. 
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Fig. 1. Type A. Membranous constru- Fig. 4. Type A. Tuberculous tubercle in 
ction pH. 5.4 Collagen A + 0.096% CaCl,. the spleen of human body. 





Sn 
News 


Fig. 2. Type B. Fibrous network in lat- Fig. 5. Type B. The reticulin .of lym- 
ticeform. pH. 5.4 Collagen A + 1% NaCl phatic gland (human 





Fig. 3. Type C. Felt cloth-like construc- Fig. 6. Type C. Glison’s sheath of liver 
tion of thread-like fibers. pH 5.4 Collagen A in the human 
+1% KSO, 
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. p 
Fig. 7. Branchy ramifications in mem- 
braneous form. The same as Fig. 1. 








Fig. 10. Membraneous form with splendid 
Circumference of a_blood- 


vessel in the lymphatic gland (human). 


ramification. 





Fig. 8. Needle and spirochaeta-like fibers. 
pH 5.4 Collagen A + 1.64% KCl. 





Fig. 9.. Type B. Lattic Form. pH 5.4 
Collagen A + 0.5% NaCl (35°C) 


Fig. 11. Spirochaeta-like form silver fiber 


in the gingivae (human). 
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showing an ar- 


Fibrous bundle 


Fig. 12. 
rangement corresponding to the running cur- 
rent of liquid. pH 5.4 Collagen A + 1.64% 


KCl. 
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In the studies on the effect of eserine upon the augmented epinephrine 
secretion caused by KC] in non-anesthetized dogs, which were performed 
by the present writer in collaboration with Matumoto, Sasaki and Nuno- 
kawa,! we noticed that the epinephrine secretion rate from the suprarenal 
gland remained almost unaltered after intravenous injection of eserine in 
a dose of 0.3 mg. per kg. of body weight, in spite of the occurrence of serious 
symptoms of eserine poisoning. 

F, Watanabe” in this laboratory reported also some years ago on the 
action of eserine upon the epinephrine secretion from the suprarenal gland 
in non-anesthetized dogs. In his experiments eserine was injected sub- 
cutaneously in a dose of 1.0 mg., 0.5 mg. and 0.25 mg. per kg. Only a 
very slight acceleration of epinephrine secretion was observed. 0.08; per 
kg. per minute from one gland was the maximal value of accelerated epine- 
phrine secretion in his experiments. 

On the other hand, since Tscheboksaroff* reported his studies, it was 
generally accepted that the eserine has an intensive accelerating action 
upon the epinephrine secretion. Especially Stewart and Rogoff came 
to witness by using the cava pocket method in cats anesthetized with ether 
that an enormous augmentation of epinephrine secretion such as 1.4 7 per 
kg. per minute from the both suprarenals may be caused by eserine. These 
are quite different features from the results of our experiments or that of 
F. Watanabe. 

From the discrepancy between the results of ours and of the American 
physiologists, the question now arises as what is the most responsible factor 
for such a striking difference. To elucidate this problem, the present in- 
vestigations were undertaken. 

Is it due to the difference of experimental conditions, especially the 
use of narcosis, or the difference of species of test animals ? 
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Concerning the difference of species of animals, it is known that the 
action of some agencies upon the epinephrine secretion was in its intensity 
not the same in animals of different species. According to Sato and Suga- 
wara,®) the acceleration of epinephrine secretion caused by f-tetrahydro- 
naphthylamine hydrochloride in dogs is in the magnitude far smaller than 
that in cats. The propotion of effective dose of acetylcholine and nicotine 
concerning the epinephrine secretion is different in dogs and cats. (S. Ko- 
jima).® 

As regards the use of narcosis, the augmenting epinephrine secretion 
causable by some agencies such as peptone injection, strychnine injection, 
hemorrhage and piqire may be suppressed or abolished in anesthetized 
animals,” 

The present writer attempted in the following investigations at first 
to know whether or not the ether anesthesia acts to enhance enormously 
the accelerating action of eserine upon the epinephrine secretion. Since 
the experiment of Stewart & Rogoff were performed by using a quite dif- 
ferent method from ours for collecting the suprarenal vein blood in animals 
of different species, it is impossible to know the influence of anesthesia upon 
the action of eserine in comparing the data of their experiments with that 
of ours. For this reason, the suprarenal vein of dogs was exposed by the 
lumbar way and the blood samples were collected from there, namely in 
almost the same experimental conditions as in experiment on non-anesthetiz- 
ed dogs except that the ether narcosis was resorted to. In the second step 
of investigations, the suprarenal vein blood was collected by the cava- 
pocket method in dogs under ether to know whether or not the enormously 
accelerated epinephrine secretion after eserine may be observed by the 
cava-pocket method in dogs as was found by the American physiologists in 
cats. In the last step of investigations, acutely or chronically doubly splan- 
chnicotomized dogs were used and the suprarenal vein blood was also 
collected by the cava-pocket method; to know something regarding the 
site and mechanism of eserine action upon the epinephrine secretion. 


, EXPERIMENTAL. 

The dogs were anesthetized with ether. The trachea was laid bare and 
the tracheal cannula was inserted into it. The cannula was connected with the 
Woulff’s flask containing ether. The lumbar route preparation and cava-pocket 
preparations were performed as usual manner.® The epinephrine in the sampled 
suprarenal vein blood was estimated by means of the rabbit intestine segment 
method.» 

Eserin sulf. (Hoffman La-Roche), as 0.05%, 0.1% or 0.2% watery solu- 
tion, was applied in doses of 0.2-0.3 mg. per kg. of body weight intravenously, 
or 0.5-1.0 mg. per kg. subcutaneously. 


All the results are given in Table I. 














Eserine and Epinephrine Secretion 387 





























TABLE I. 
Effect of Eserine upon the Epinephrine Secretion. 
i ; aon, | h | | ° - | 
8 es te 3 | 8 se .| 3 5% | oe 
ae | ¢ |oel- | 83) 5 ae |g igre |ae| 
5% & Te ao“ a | ss & 8 } & Sw o_ ox s 
Rory o 2&/o>/| obs | Ro ene | S| 2h | oo a | 8 
268) & 15.) 8 [-#-5 Gj ESE | £ =. ta BR) 8G 
See| 2 (Seles Es! &e See/ & (Se (cel es] §& 
BE5| 5 [36/42 /42| 2° | Bg©| = | ee |as| aa & 
ge} 2 laele (25/3 | gh | 2 lane |25) 2 
= — | +3 — i o— he 
es & [ge es |" |P* le jae 
(1) Experiments on etherized dogs by the lum- Exp. 3. 15. VI. 1942 Dog 21.3kg.6 
bar route preparation. before | 





Exp. 1. 27. IV. 1942 Dog 9.7 kg.9 
before | | 
11 1 | 0.78 
2 | 060) 0.05; 0.03 | 35.9 
3 | 3 | 062 | 0.05-| 0.03- 
Subcutaneous inj. of eserine. os mg. per kg.) 
after | | 
5 | 4 | 0.60} 0.05-| 0.03-| 
5 | 0.58 | 
10 | 6 | 080] 02 | 0.16 | 
| 7 | 0.76 
15 8 | 0.72| 0.2 | 0.14 
| 9 | 068 | 
20 10 0.70 | 0.2 0.14 
40 | ll 0.43 | 0.4 0.17 | 36.2 
| 12 | 0.47 
60 13 0.52 | 0.3 0.15 | 36.8 
| 14 | 043 | 
90 15 | 0.47] 0.2 | 0.09} 36.1 
16 | 0.45 








5 minutes after injection ib adtacie and saliv- 
ation occurred. 10 minutes after inj. tremor 
and deep respiration appeared. Then diar- 
rhoea occurred. 


Exp. 2. 25. V. 1942 Dog 11.1 kg. 


before | | 
18 l 0.14 | 0.1 0.01 | 35.9 
1] 2 | 0.13] O1 0.01 
Subcutaneous inj. of eserine. (1.0 mg. per kg.) 
after } | 
10 | 3 | 0.20| 02 | 0.04) 
25 | 4 | 0.16| 03 | 0.05| 368 
[ oo 0.20 | 
40 | 6 0.18 | 0.7 0.13 | 
| 7 | 0.18 | 
60 | 8 | 0.18] 02 | 0.04) 37.7 
9 0.17 | | 
90 | 10 0.23 | 0.25 0.06 | 38.0 
ll 0.20 





5 minutes after inj. mydriasis and salivation 
occurred. 10 minutes after inj. tremor ap- 
peared. 25 minutes after inj. defecation oc- 
curred. 





10 | #1 | o2s | 0.1 | 0.02 | 34.6 


Intravenous inj. of eserine. (0.3 mg. per kg.) 








after | | | | 
5 | 2 | 040) 0.15! 0.06 | 
| 3 | 054) | 
15 | 4 | 0.39; 0.15 0.06 | 35.0 
5 | 0.40 
30 | 6 | 038| 02 | 0.08| 35.2 
7 | 0.39 | 
50 | 8 | 033) 01 0.8 | 35.5 
9 | 0.31 | 
5 minutes after ini. tremor occurred. 15 min- 
utes after inj. diarrhoea occurred. 
Exp. 4. 29. VI. 1942 Dog 12.8 kg. 
before | | | 
35.8 


is | 1 | 028 | 0.05 | 0.01 | 
|} 2 | 0.34} 
0.39 | 0.05 | 0.02 


5 | 3 
Intravenous inj. of eserine. (0.3 mg. per kg.) 

after | . | 
5 | 4 | 0.23| 01 | 0.02| 35.0 

1 | 5 027 | 0.05 | 0.01 | 
20 | 6 B:- 0.23 | 0.05 | 0.01 | 35.1 

30 7 | 0.23 | 0.05| 0.01 | 
45 8 $3 | 0.05 0.01 | 34.8 

| 9 | 023 
60 | 10 | 0.20\ 0.1 0.02 | 





5 minutes after inj. deep respiration and tre- 


mor appeared. 15 minutes after inj. diar- 
rhoea occurred. 
Exp. 5. 1. VI. 1942 Dog 10.5 kg. 9 
before | 
oe eae 0.86 O01 | -_ 37.8 
2 0.97 


Intravenous inj. of eserine. (0.3 mg. per kg.) 


| 3 | 0.13 | 3.2 | 2 | 


5 minutes after inj. the respiration stopped. 
Died. 


after 
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Epinephrine in 1 cc. 


(min.} 
Blood flow (cc.)_ 


blood (7) 


Epinephrine output 


No. of specimen 


per min. per kg. 


per min. per kg. 


Body temperature 
(°C.) 


Time before or after 
injection of eserine 


Blood flow (cc.) 
per min. per kg. 


Epinephrine in 1 cc. 


(min.) 
blood (7) 


No. of specimen 


Time before or after 
injection of eserine 
Epinephrine output 
per min. per kg. (7) 
Body temperature 
(C.) 








(II) Experiments on etherized dogs by the cava- 
pocket method. 


Exp. 6. 9. XI. 1942 Dog 7.4kg.2 


before | | | | 
10; 1 1.09 | 0.2 | 0.22 35.9 
5 | 2 | 081} 02 | 0.16 | 


Intravenous inj. of eserine. (0.2 mg. per kg.) 


after | | 
2 | 3 | 1.70) 06 10 | 
8 | 4 | 081| 2.0 | 16 | 354 
20 | 5 | 057) 20 | 1.1 34.7 
30 | 6 | 0.62 | 16 | 10 | 34.3 
40 | 7 | 049; 10 | 049) 34.2 
60 8 | 046| 06 | 0.28) 33.0 


2 minutes after inj. mydriasis and tremor set 
in. 20 minutes after inj. defecation occurred. 
Exp. 7. 16. XI. 1942 Dog 11.2 kg.¢ 
before | | | 
15 1 1.34 | 04 | 0.54| 36.2 
10 | 2 | 161 | 04 | 0.64 


Intravenous inj. of eserine. (0.2 mg. per kg.) 


after | 

4 | 3 | tan] 12 | 13 | 
5 | 4 | 146) 12 | 18 

10 | 5 | O6t/ 16 | 10 | 358 
20 | 7 | 102| 18 | 18 | 353 
30 | 8 | 048| 20 | 096| 348 
50 | 9 | 033| 16 | 053! 34.7 


2 minutes after inj. tremor and salivation set 
in. 15 minutes after inj. defecation occurred. 
‘ 


Exp. 8. 27 X. 1942 Dog 6.7 kg’ 


before | | 
15°} 1 | 030 | 35.6 
| 2 | 042/03 | 0.13 
10 | 3 | 048/| 03 | 0.14 


Intravenous inj. of eserine. (0.3 mg. per kg.) 


after | | 
3 | 4 | 0.84] 0.05 | 0.04 

5 0.69 
5 6 0.75 08 | 06 35.1 


5 minutes after inj. tremor occurred. 12 mi- 
nutes after inj. the animal died. 





Exp. 9. 4, XII. 1942 Dog 8.4 kg. 


before | | | 
10 1 | 1.93 | 0.35 | 0.68 | 34.7 
5 | 2 | £71} 04 | 068 | 
Subcutaneous inj. ofeserine. (0.5 mg. per kg.) 
after | | | 
10 | 3 | 2.50} 08 | 2.0 33.8 
20 | 4 | 236; O06 | 14 | 338 
30 | 5 | 264/08 | 21 | 
40 | 6 | 236 16 | 38 | 33.5 
60 7 | 1.76) 06 | 14 | 331 


5 minutes after inj. mydriasis appeared. 10 
minutes after inj. tremor set in. 30 minutes 
after inj. defecation occurred. 


Exp. 10. 15. XII. 1942 Dog 13.5 kg.¢ 


before 
23 The splanchnic nerves were cut. 
13 | 1 | 031 | 015 | 0.05 | 37.5 
3 2 | 0.19 | 02 | 004} 37.5 


Intravenous inj. of eserine. (0.2 mg. per kg.) 


after 
2 3 | 0.59 | 0.15 | 0.09 
4 4 | 0.27| 0.1 0.03 | 36.4 
15 5 | 0.15 | 2.0 | 0.30} 36.0 
30 6 | 0.13 | 08 | 0.10 | 
2 minutes after inj. mydriasis and tremor set 


in. 32 minutes after inj. the animal died. 


Exp. 11. 18. II. 1943 Dog 7.7 kg.é 


before 
35 The splanchnic nerves were cut. 
25 | | 36.4 
5 1 | 0.26| 06 | 0.16 | 36.0 


Intravenous inj. of eserine. (0.2 mg. per kg.) 


after 
5 2 | 039 16 | 062) 35.9 
13 3 | 060| 08 | 048 
18 4 | 0.29) 10 | 0.29! 356 


2 minutes after inj. mydriasis and tremor set 
in. 22 minutes after inj. the animal died. 
Exp. 12. 30. VII. 1948 Dog 5.5 kg.¢ 


6. VII. 1948 The splanchnic nerves were 
before | | cut. (5.5 kg.) 
30 | 1 | 0.29} 0.05-| 0.01-| 39.3 
5 | 2 | 0.22 | 0.05-| 0.01-| 39.1 
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(I) Experiments on etherized 














s = | oo 8 33 £ . 

ae © |elPi= | BS] 5 dogs, whose suprarenal vein blood 

& 2 & ile il sal Za] & 

ty g | 5 Blcotlos| . was collected by the lumbar route- 

Sel| * |Se/83/4 . EY preparation. 

5s 3 Be \eS/ 88) > In two dogs eserine was injected 

EP | 2 m8) e | ag] 3 beutaneously in a dose of 0.5 

fs 3 a z subcutaneously in a dose of V.9 mg. 
| and | mg. per kg. of body weight 





Intravenous inj. ofeserine. (0.2 mg. per kg.) respectively. In Exp. 1, in which the 


after | | | | basal rate of epinephrine secretion 
5 | 3 | 0.38| 0.05- 0.02- 39.0 
10 | 4 | 0.29/ 0.05- 0.01- 390 + was 0.03 > per kg. per minute from 


1I5 | 5 | 0.31 | 0.05 | 0.02 one gland, there was perceptible an 
2 minutes after inj. tremor, salivation and augmented secretion of epinephrine 
mydriasis set in. 20 minutes after inj. the after injection of eserine in a dose of 
animal died. 

0.5 mg. perkg. 0.16 > per kg. per 
minute was reached 10 minutes after eserine and the augmentation of 
epinephrine secretion continued over one hour. The epinephrine secre- 
tion rate before injection was 0.01 7 per kg. per minute in Exp. 2. The 
samples collected 10 and 25 minutes after injection of eserine in a dose of | 
mg. per kg. showed an augmented secretion of epinephrine though of a 
small degree, i.e. 0.04-0.05 » per kg. per minute. The sample, which 
was taken out 40 minutes after injection, showed the augmentation of 
secretion such as 0.137 per kg. per minute from one gland. 

In three dogs, eserine was injected intravenously in a dose of 0.3 mg. 
per kg. of body weight. Tlie epinephrine secretion rate increased in Exp. 
3 after injection slightly, such as from 0.02 7 per kg. per minute to 0.06- 
0.08 ;. In Exp. 4, the rate of epinephrine secretion remained unaltered 
after eserine. Only in Exp. 5 somewhat remarkably accelerated epine- 
phrine secretion was observed, in which the basal secretion rate was 0.09 + 
per kg. per minute and was higher than that of Exp. 1-Exp. 4. In the 
sample, taken out 3 minutes after eserine, the secretion rate of 0.42 7 per 
kg. per minute was observed. - In this experiment the respiration stopped 
5 minutes after injection and the animal died eventually. 

In the results above quoted it will be noticed, that although eserine is 
capable of accelerating the epinephrine secretion in etherized dogs, the 
peak of the augmented epinephrine secretion after eserine is small in its 
degree and does not exceed the level of 0.2 per kg. per minute, when the 
basal rate of secretion is not high, namely in all cases except in Exp. 5. 

(II) Experiments on etherized dogs, whose suprarenal vein blood 
was collected by means of the cava-pocket method. 

0.2 mg. eserine per kg. was injected intravenously in Exp. 6 and Exp. 7. 
The epinephrine secretion increased after injection of eserine. The rate 











390 T. Suzuki 


of secretion in Exp. 6, which was 0.16—0.22 y per kg. per minute from both 
glands before injection, was accelerated soon after eserine and reached its 
maximum rate of 1.67 per kg. per minute 8 minutes after injection. In 
Exp. 7 the epinephrine secretion rate increased from the pre-injection rate 
of 0.54-0.64 7 per kg. per minute to 1.3 7 4 minutes after injection and it 
increased further and reached 2.87 per kg. per minute 15 minutes after 
eserine. 

Eserine was injected intravenously in a dose of 0.3 mg. per kg. in Exp. 
8. The animal died about 12 minutes after injection. The rate of epine- 
phrine secretion decreased at first from the basal rate of 0.13-0.147 per 
kg. per minute to 0.047, then it increased and reached 0.6 > per kg. per 
minute 5 minutes after eserine. 

In Exp. 9,0.5 mg. eserine was applicated subcutaneously. The epine- 





Epinephrine assays by intestine segment 
in Exp, 11. (Reduced to 2/5), 


In all the tracings, at the mark “‘ x ’’ atropine-Tyrode’s solution in which 
the rabbit intestine segment was beating rhythmically, was replaced by indif- 
ferent blood solution, and at the “‘ numeral ” by the indifferent blood solution 
to which a certain quantity of adrenaline chloride of Sankyo Co. was added, 
or by the specimen solution. All the blood solutions were prepared by dilut- 
ing with 4 volumes of Tyrode’s solution, and the quantity of the blood employ- 
ed for an assay was’0,5 cc. Time intervals are 30 seconds, 

“Ix2” shows “ specimen I diluted in 1:2 with indifferent blood ”’. 

0.1 1/1000” shows ‘0.1 cc. of adrenaline chloride solution with 
the concentration of 1/1000 mg. in 1 cc. ” i.e. 0.1 7 adrenaline chloride. 

Ix2: About the same with 0.15 y and stronger than 0.1 ry. 

IIx2: Stronger than 0,157 and almost as strong as 0.47. 

IIIx2: Weaker than 0.47 and about the same as 0.2 7. 

IVx2: A little stronger than 0.2 7 and almost as strong as 0.25 7. 

To sum up: 7 


Specimen I was assayed as 0.67 in lcc. 
Specimen II 167 in lec. 
Specimen III 0.87 in Ice. 


Specimen IV 107 in Icc. 
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phrine secretion rate increased from its basal rate of 0.68, per kg. per 
minute and reached its maximal value of 3.8 y per kg. per minute 40 minutes 
after eserine. 

Thus we were able to see an enormously accelerated epinephrine secre- 
tion after eserine in the cava-pocket experiments on dogs. The peak of 
the accelerated secretion rate in these experiments is 1.6 7, 2.8 ,, 0.6 + and 
3.8 » per kg. per minute respectively, and rather higher than the maximal 
rate of Stewart and Rogoff on cats (1.4 + per kg. per minute). 

In other two dogs the splanchnic nerves were cut at the close of the 
cava-pocket preparation. Eserine was injected intravenously in a dose 
of 0.2 mg. per kg. 32 minutes and 22 minutes after injection respectively, 
the respiration stopped suddenly and both dogs died. The epinephrine 
secretion rate increased after injection. It increased from the basal rate 
of 0.04-0.05 , per kg. per minute from the both glands to 0.3 7 per kg. per 
minute in Exp. 9. In Exp. 10 the rate of epinephrine secretion increased 
from the preinjection value of 0.16 y per kg. per minute to 0.6 ;. 

In Exp. 12, the splanchnic nerves were cut bilaterally under ether 24 
days prior the chief experiment. 20 minutes after the injection of eserine 
in a dose of 0.2 mg. per kg., the animal died. The epinephrine secretion 
rate, which was very low before injection such as 0.01-7 per kg. per minute 
from the both glands remained unaltered after injection, namely it was 
0.01--0.02 + per kg. per minute. 


Discussion. 


The results of the present experiments showed that the maximal epine- 
phrine secretion rate after eserine application is not enormous when the 
basal rate of secretion is not high, such as seen in the most of the experi- 
ments by means of the lumbar rout preparation, but it is remarkable when 
the pre-injection rate is high enough, such as seen in the experiments by 
mean of the cava-pocket method. To explain these results, we will now 
take the idea of chemical transmission of nerve impulses into consideration, 

Eserine inhibits the action of choline esterase and prevents the fer- 
mentative destruction of acetylcholine liberated from the nerve endings. 
Thereby eserine enhanced the effect of impulses transmitted by acetyl- 
choline from the nerve endings. As regards the epinephrine secretion of 
suprarenal medulla it is since Feldberg et al’ generally accepted that 
acetylcholine is the chemical transmitter of splanchnic nerve impulses to 
the suprarenal medulla. In fact it is ascertained by several authors that 
the accelerated epinephrine secretion caused by the stimulation of splanchnic 
nerves is enhanced by?®-1% eserine. 

The basal rate of epinephrine secretion of dogs in cava-pocket experi- 
ment is higher in comparison with that of the non-laparotomized and 
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non-anesthetized dogs. This accelerated basal epinephrine secretion is 
chiefly due to the experimental conditions, which differ far. from the phy- 
siological conditions. In such pathological condition much splanchnic 
impulses are transmitted continuously to the suprarenal medulla and this 
may be enhanced by eserine. 

Therefore the accelerating action of eserine upon the epinephrine 
secretion becomes manifest if eserine is administrated into the animal in 
which epinephrine is secreting in an exaggerated rate under influence of 
some non-physiological condition such as in the cava-pocket experiment. 

Thus if we take the idea of chemical transmission of nerve impulses 
into consideration, the effect of eserine upon the epinephrin secretion can 
probably be explained most satisfactorily. 

Now our discussion will be turned to the problem concerning the action 
of eserine upon the denervated suprarenal gland. In literatures we found 
no agreement as concerns this problem. Tscheboksaroff® observed the 
accelerating action of eserine upon the epinephrine secretion also in splanch- 
nicotomized suprarenal gland. On the contrary, Stewart and Rogoff,“ 
Houssay and Molinelli!” noticed non-effectiveness of eserine upon the 
denervated suprarenal medulla. Further Tournade and Chevillot,™” 
Lewis and Gallo!® found that eserine had some accelerating action upon 
the epinephrine secretion of denervated suprarenal gland, when the large 
dose of eserine was used in the test. In the present experiments the acelerat- 
ed epinephrine secretion was noticed in the acutely splanchnicotomized 
dogs, and epinephrine secretion was observed to remain unaltered after 
eserine in the chronically splanchnicotomized dog. In the latter case no 
splanchnic impulses may be transmitted to the suprarenal medulla there- 
fore eserine has no effect upon the epinephrine secretion. 


In cases of dogs with acutely sectioned splanchnic nerves, it may be tenta- 
tively considered that some splanchnic impulses caused by agencies such as 
the section of splanchnic nerves may be transmitted to the suprarenal medulla 
and this may be enhanced by eserine. 

, 


SUMMARY. 


Eserine was given intravenously or subcutaneously in etherized dog, 
whose suprarenal vein blood was taken by lumbar route or by the cava- 
pocket method. Epinephrine in the suprarenal vein blood was estimated 
by means of the rabbit intestine segment method. 

In the most of the experiments by the lumbar route preparation, in 
which the basal epinephrine secretion rate was not high, i.e. 0.01-0.03 , 
per kg. per minute from one gland, the rate of epinephrine secretion after 
eserine injection remained unaltered or accelerated. But the peak of the 
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accelerated secretion was not high and was under 0.2 y. On the contrary, 
the action of eserine was enormous in the experiments of cava-pocket me- 


thod. 


In the latter cases, in which the basal secretion rate was 0.13-0.68 + 


per kg. per minute from both glands, the peak of the augmented epine- 
phrine secretion after eserine was 0,6-3.8;7. Further in the chronically 
splanchnicotomized dog non-effectiveness of eserine upon the epinephrine 
secretion was observed. 

The action of eserine above quoted may be explainable, if we take the 
idea of chemical transmission of never impulses into consideration. 


our ON — 
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An Autopsy Case of Tuberous Sclerosis of the Brain 
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According to Critschley-Ear] (1932), renal tumor was found in round 
80% cases of all the tuberous sclerosis of the brain. It has been so rarely 
a subject of surgical interest, as-we know only the report of Hyman (1922) 
in the literature. The following case, therefore, would be remarkable 
from the clinico-pathological view point. 


Report of Case. 


Y.M., 22 aged woman, was admitted to the gynaecologic clinic of our 
University Hospital on 19. Oct. 1948, under the clinical diagnosis of an 
abdominal tumor and 5 months’ gestation. Besides adenoma sebaceum 
in her face, there was néither mental disorder, nor renal insufficiency. 
Family history was not important. Laparotomy, on 10, Nov. 1948, re- 
vealed a large retroperitonal tumor, instead of a suspected ovarian tumor. 
On account of profuse bleeding, surgical approach was given up the half 
way. Death occurred on the next day. 

Autopsy revealed a bilateral renal tumor (Fig. 1. & 2.) and dissemina- 
tion of small nodules in the liver, pancreas and adrenals, all of the same 
nature (hemangio-lipo-myoma) histologically. In the heart, however, 
a small lipoma of the myocardium was met solely. The brain presented 
a charakteristic feature of the tuberous sclerosis, both marco- and micro- 
scopically (Fig. 3. & 4.). ) 
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Fig. 1. Cut-surface of the right kidney 


f 
(Weight: 1440 gr. Size: 25x 15x8cm.) Fig. 2. Marginal zone of the renal tumor 


(hemangio-lipo-myoma. H.-E.). 








Fig. 4. Large ganglion cells in the superfic- 
ial layer of the frontal lobe (Bielschowsky’s 
silver impregnation). . Fig. 3. External aspect of the cerebral 

cortex (Weight of the brain: 1250 gr.). 
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on the “ Empfindungszeit.”’ 
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INTRODUCTION. 


FréhlichY used the term ‘“‘ Empfindungszeit”’ for the time which 
elapses between a stimulus and the sensation induced. The determina- 
tions of the ‘‘ Empfindungszeit ’’ (‘‘ E.Z.’”) were made by many investiga- 
tors under controlled conditions. Their values, however, depend on a 
variety of conditions, of which the most important are the retinal location 
and the adaptation of the eyes. From the different anatomical distribu- 
tion of cones and rods in th retina and the functional differences between 
the fovea and the periphery, the characteristic differences may be supposed 
in the behaviour of the “‘ E.Z.”’ V. Kries®) concluded, on the basis of the 
experiment performed by Engelking and Poos with Pulflich’s method, that 
the “ E.Z.” for the twilight apparatus is longer than that for the daylight 
apparatus. On the other hand, Fréhlich’) and his co-workers®) made 
objection to this conclusion. Thus, the problem is not yet settled. 

We have two methods for measuring the absolute value of the “‘ E.Z.’’, 
that is, Fréhlich’s and Hazelhoff’s method, so called from the authors’ 
names. Some modifications to Hazelhoff’s method were necessary for 
the present experiment. The modified method enabled us to measure 
the “‘ E.Z.” at any region of the retina. 


EXPERIMENTAL. 
Apparatus and Method. 


Fig. 1 shows the arrangement of the apparatus diagrammatically. 
A circular disc (D), 57 cm. in diameter, was driven by an electric motor, 
and the speed of the rotating disc was measured precisely by means of a 
stroboscope (St). 

The disc was equipped with two red point lights (f, and f,), placed 
near the margin on a radius of the disc, 4.5 cm. apart, subtending 1.5° in 
visual angle, and these lights served as two fixation points. Their bright- 
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Fig. 1. Diagram of the arrangement for measuring the “E.Z.’’, B: 180 
V. Battery, C: Variable condenser, Cb: Contact-breaker, D: Revolving disc, 
f, and f,; Fixation Points, H: Handle of pointer, K, and K,: Contact keys, 1: 
Point light on the pointer, M: Electric motor, N: Neon tube, P: Pointer, R: 
Resistance, S: Scale, St: Stroboscope. 


ness was controlled separately by two rheostats. 

The stimulating light was the negative glow of a tiny discharge neon 
tube (N), attached to the revolving disc; this neon tube could be placed 
in any desired position on the surface of the disc. The neon glow flashed 
on a condenser discharge which was started by opening two contact keys 
(K, and K,) one after the other by a contact breaker (CB) attached to the 
margin of the revolving disc. Corresponding to the intensity of the dis- 
charge current, the glow began with the maximum intensity of about 0.02- 
0.03 Hk/cm?, and declined rapidly. The duration of the glow was con- 
trolled by a variable condenser and was experimentally measured with a 
phosphoroscopic method. The illuminating patch consisting of the neon 
glow was rectangular, 2mm. x3 mm. in size, subtending 4’ x 6’ in visual 
angle. When low brightness of the stimulus was necessary, the illuminat- 
ing patch was covered with a number of calibrated film filters. 

A pointer (P) carrying a red point light (/) was arranged coaxially 
with the revolving disc, and, operated manually by the observer, it was used 
to indicate the position of the flash coming in sight. The position indicated 
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by the pointer was read on a scale by the experimenter. In experiments 
in the dark some fixed reference points were used so as to get better orienta- 
tion of the flash. For this purpose two such weak red point lights which 
had no influence on the value of the “‘ E.Z.”’ were used. In experiments 
with light-adapted eyes three incandescent lamps were used for illumination 
of the surrounding field; the intensity of the illumination on the surface 
of the revolving disc ranged from 0.1 to 10,000 luxs and the oo of 
the whole field was kept as uniform as possible. 

The observer sat at a distance of 170 cm. in front of the revolving disc 
and kept his head upright with the chin and forehead holders. When he 
received a light stimulus with the resting eyes, he, of course, saw it in the 
real direction, from which the light came. However, when he made his 
gaze follow the middle point of the two fixation points travelling at a con- 
stant speed, the direction towards which the perception was projected, did 
not coincide with the real direction, but showed some deflection towards 
the direction of the eye movement. Taking the reading of the deflection, 
the “ E.Z.”’ is defined as the amount of deflection divided by the velocity 
of the eye movement. When the fovea was tested, the illuminating patch 
was placed midway between two fixation points (f; and f,), and when the 
parafovea was tested, the patch was so adjusted that the image of the patch 
fell on the parafovea. In the above measurements, the illuminating patch 
was always moving at a constant speed, but for the measurement of the 
**E.Z.” for the periphery the patch was fixed outside the revolving disc. 
The illuminating light was flashed at the moment when the moving fixa- 
tion point passed a given point. In the latter two cases the observer had 
to indicate the position of the moving fixation point at the moment when 
he saw the light at the parafovea or the periphery. 

Measurements with dark-adapted eyes were made after a stay of at 
least 40 minutes in the dark. Measurements with light-adapted eyes were 
commenced after light adaptation of more than 15 minutes preceded by 
sufficient dark adaptation. Three subjects were employed for the measure- 
ment, of whom two had slightly corrected myopia. Data were the average 
of 10 readings taken at intervals of about 20 seconds. 


Results. 
1. The eye movement and the “ E.Z.” 


Uniformity of the eye movement and the coincidence of the visual line 
of the observer with the fixation point travelling at a constant speed are 
the indispensable conditions of our method. In order to see whether these 
conditions were fulfilled in our experiments, the following experiment was 
made. Under a stationary light adaptation, the fovea is more sensitive 
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than the parafovea. Therefore, the intensity of a stimulus can be so chosen 
as to be a little higher than the threshold intensity of the fovea, but lower 
than that of the parafovea. Then, if the eyes could not correctly follow. 
the travelling fixation point, the light of this intensity would not be seen 
because the light would fall outside the fovea. In fact, the light was always 
clearly perceived in this experiment. This fact indicates that the above 
conditions are satisfied in our experiments. 

The “ E.Z.” for the fovea was now measured binocularly with various 
speeds of the fixation point ranging from 10° up to 44° per sec. in visual 
angle to study the effect of the speed on the “‘ E.Z.”’ In Table I, two ex- 
amples are shown which indicate that the speed has no effect on the “ E.Z.”’ 
for the fovea. We therefore usually employed the most suitable speed 
(22° per sec. in visual angle) throughout the experiment. 


TABLE I, 


Relation of “ E.Z.”’ to Speed of Eye Movement 


Light stimulus: brightness approximately 0.02 c./cm®, duration 1,1 msec., 
area 6’ 4’ in visual angle. Binocular vision. Subject T. M. 





Speed of Eye Movement: (degrees in visual angle)/sec. 
10.0° 14.7° 189° 22.0° 26.4° 33.0° 37.7° 44.0° 





69.0 669 634 646 73.3. 68.0 784 
+7.0 +10.1 +96 +80 +33 34.1 +2.7 


‘** E.Z.” and probable error in 
msec. (dark adaptation) 





| 
| 
| 
| 
| 


‘**E.Z.” and probable error in 111.9 1182 118.2 113.3 115.0 108.0 105.3 96.0 


msec. a adaptation to 10 | 14.1 14.3 416.1 4128 +467 +33 +41 +39 
luxs | 


2. “E.Z.” for the fovea and the parafovea. 


A series of measurements of the “‘ E.Z.”’ for the fovea and the para- 
fovea was made binocularly at various levels of adaptation. Two different 
intensities of light stimuli were employed, of which the higher one was far 
above the threshold intensity for the fovea and it was taken as unity, while 
the lower one was 1/7i’ unit corresponding approximately to the threshold 
intensity of the fovea of the completely dark-adapted eyes. Results are 
shown in Fig. 2. In a given state of adaptation, the “‘ E.Z.”’ obtained with 
1 unit intensity of the stimulus showed the shortest value for the fovea, and 
those for the parafovea increased with increasing eccentricity from the 
center of the retina (see curves A, B,C, D, and E). This behaviour of the 
** E.Z.”’ could be seen in every state of adaptation. The “ E.Z.” for each 
position increased with progress of light adaptation; a curve of the “ E. 
Z.’s” plotted as ordinates against degrees eccentric from the fovea as ab- 
scisse shifted upwards with light adaptation. But the upward shifting 
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Fig. 2.“ E.Z.” for fovea and parafovea. 

Curves A, B,’F, and G were obtained under dark adaptation, C, D and 
E under light adaptation to 1 lux, 100 luxs and 10,000 luxs respectively. In- 
tensity of the light stimulus is | unit for curves A, B, C, D and E, 1/71 unit for 
F and G. Duration of light is 14.5 msec. for curves B, C, D and E, 1.7 msec. 
for A and F, 1.3 msec. for G. Subject is T. M. for curves B, C, D, E and G, 
K. H. for A and F. 


of the curve was not uniform for every area tested: the more eccentric the 
location, the longer was the “E.Z.” In order to see this relation more 
clearly, the ratio of the “ E.Z.” for each parafoveal region to that for the 
fovea was calculated, as shown in Table II. Those ration for any retinal 


TABLE II. 
Ratios of “ E.Z.”’ for each Region to that for Fovea. 


Binocular vision. Light stimulus: brightness approximately 0.02 c./cm2, 
duration 14.5 msec., area 6’ x 4’ in visual angle. Subject T. M. 





Degrees of eccentricity in field of vision 
0.5° 1.0° 2.0° 3.0° 4.0° 5.0° 6.0° 





Dark adaptation Right field 100 1.05 -1.12 1.24 1.53 1.76 1.91 
Left field | 108 BL 128 18 ES BS 1.7? 








Light adaptation | Right field | 1.04 1.04 1.25 140 1.59 1.86 2.09 
to 1 Jux Left field 1.00 1.11 1.29 1.38 1.67 1.89 2.23 





Light adaptation | Right field 100 1.06 1, 131 1.73 198 2.16 
to 100 luxs | Left field 1.03 1.04 1. 1.34 168 1.96 2.16 





mean 1.02 1.08 ‘ 1.33 162 1.84 2.05 
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region showed approximately a constant value in all three states of adapta- 
tion, and they increased with increasing eccentricity from the center of the 
retina. 

The fact that the “‘ E.Z.”’ for a constant intensity of light increases 
with progress of light adaptation by the eyes may be deduced from the 
photochemical theory of vision that the reduction of the photosensitive 
substances due to light adaptation causes the retardation of the subsequent 
reaction in the retina. But the regional difference of the “‘ E.Z.’’ under 
a given adaptation will have a bearing on the other factors, not only these 
such as intensities and wave-lengths of light but also on the regional dif- 
ference of the anatomical structure of the retina. When the intensity of 
the stimulus was reduced below the threshold intensity of the fovea, the 
result was reversed to the former one. Curves F and G in Fig. 2 represent 
data of measurements with a light stimulus of 1/71 unit under dark adapta- 
tion. The “‘ E.Z.” showed the largest value at the center and it decreased 
with increasing eccentricity from the center, as was expected from the 
density distribution of the rod in the retina. Thus, the slope of curves 
are quite reverse to that of curves A, B, C, D and E in the above experi- 
ment. This difference is probably due to the fact that the “ E.Z.” is de- 
termined predominantly by the rod function in this case, while in the for- 
mer case it is determined by the cone function. 


3. ‘“‘E.Z.” for the periphery. 


A series of measurements of the ‘‘ E.Z.” for the periphery was made 
uniocularly with three different intensities of light for regions ranging from 
2° to 90° on the nasal horizontal meridian of the right eye, completely dark- 
adapted. Fig. 3 shows four examples. Tracing the curves of Fig. 3 from 
the center towards the periphery, we see that the curves for 1 unit in- 
tensity of light rises at first, reaches a maximum at about 10°, falls again 
to a minimum at about 30° and rises gradually towards the periphery. 
The other three curves B for 1/71 unit, C and D for 1/5000 unit are dif- 
ferent in their courses from the curve A. They fall from the beginning, 
reach a minimum at about 30° and then rise again towards the periphery. 
Above all, it is a most remarkable fact that both curves A and B overlap 
the one above the other within a range between about 10° and 50°. 


Discussion. 


As slight adaptation causes an increase in “ E.Z.”” and makes it dif- 
ficult to determine the ‘‘ E.Z.”’ for the periphery, dark adaptation is pre- 
ferable to light adaptation for a comparison of both “‘ E.Z.’s ’’ determined 
by cones and rods. 





Influence of Retinal Adaptation and Location on “ E.Z.” 


Emppindungszeit 


4 








' Degrees eccentric from fovea 
1 i 1 l iL 
10° J 2 40° so” 60° 70° 80° fo" 





Fig. 3. “‘ E.Z.” for periphery on nasal horizontal meridian of the dark- 

adapted right eye. Intensity of light is 1 unit for curve A, 1/71 for B, 1/5000 

‘ forC and D. Duration of light is 1.3 msec. for A and B, 18.5 msec. for C and 
9.5 msec. for D. Subject is K. H. for curvers A and B, T. M. for C and D. 


If we assume that such weak light as corresponds to the subliminal 
intensity of the fovea of the dark-adapted eyes stimulates merely the rods 
in the retina but not the cones, the “* E.Z.’’ measured with such intensities 
must concern only the rod function. Then, from the inspection of the 
curves B, C and D, in Fig. 3 the density of the stimulated rods is considered 
to be a determining factor of the “‘ E.Z.’’; the larger the number of the 
rods stimulated, the shorter the “‘ E.Z.”’ 

On the other hand, the curve A in Fig. 3 which was obtained with 
an intensity of light sufficiently high to stimulate the cones, shows a dif- 
ferent behaviour from the curve B in Fig. 3 obtained with a low intensity; 
this difference may by due to the participation of the cones. Comparing 
the curves A and B, we find that increases in intensity shorten the “ E.Z.’s ”’ 
for the parafovea and the extreme periphery, but have no effect on the 
** E.Z.’s ” for the middle periphery from 10° to 50°, namely that the curve 
A is divided into three functionally different parts. 

Osterberg®’ reported reliable data on the density distribution of cones 
and rods in the human retina. The density of rods in the nasal horizontal 
meridian of the retina takes a maximum value at 22° and decreases gradually 
on either side of this region, while the density of the cones on the same 
meridian decreases with increasing eccentricity from the center at first 
rapidly then gradually, reaches approximately a constant value at about 
10° and keeps almost the same value within the wide range between 10° 
and 80°. 
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It is noted that the density of cones is about the same at 10° and 50°, 
and that the same is the case with the density of rods. This anatomical 
fact seems to be consistent with our result that both “ E.Z.’s” at 10° and 
50° are almost of the same value. Considering the anatomical basis men- 
tioned above, we may explain our results as follows: /At the middle peri- 
phery, the number of the stimulated rods will reach the maximum at a 
lower intensity of the stimulus (curve B in Fig. 3) and their predominance 
in number over the cones is so great that the “‘£.Z.”’ determined by rods is 
not influenced even by an increase in the number of the stimulated cones. 
On the contrary, at the parafovea and at the extreme periphery, the 
‘‘ E.Z.”’ depends on the relatively large increase in number of the stimulated 
cones with increasing intensities of the stimulus, because the ratio of the 
density of cones to that of rods at these regions is far greater than that at 
the middle periphery. The minimum “ E.Z.” at about 30° periphery of 
the dark-adapted eye may be due to stimulation of the largest number of 
rods. Thus, the question whether cones or rods predominate for the 
** E.Z.” depends on the ratio of the densities of rods and cones stimulated. 

The shortest‘* E. Z.”’ determined by the cone function is obtained at 
the fovea, and that determined by the rod function at about 30° periphery, 
the former being always shorter than the latter. 


SUMMARY. 


** Empfindungszeit ” (‘‘'E.Z.’’) for a wide range from the center to 
the periphery of the retina was measured by a modified Hazelhoff’s method 
under various states of adaptation. 

(1) It was proved that our method satisfied the necessary conditions 
for measuring the “‘ E.Z.’’ that an observer could make his gaze follow a 
fixation ‘point travelling at a constant speed. 

(2) The speed of the eye movement has no influence on the ‘‘E.Z.” 
within the range of the speed from 10° to 44° per sec. in visual angle in 
the horizontal direction. 

(8) Ata constant intensity of a light stimulus, light adaptation causes 
an elongation of the ‘‘'E.Z.’’, and the ratio of the “ E.Z.’s” determined 
predominantly by the.cone function at two different retinal parts remains 
constant irrespective of adaptation. 

(4) Under dark adaptation, the value of the “ E.Z.”’ at a high in- 
tensity of the stimulus shows two minima at the fovea and about 30° peri- 
phery and two maxima at about 10° parafovea and the extreme periphery, 
while ‘the value of the “‘ E.Z.”’ at a low intensity of the stimulus shows only 
a minimum at about 30° periphery. 

(5) The question whether cones or rods predominate for the “‘E.Z.” 
seems to depend on the ratio of the densities of rods and cones of the retinal 
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area stimulated. The shortest “‘ E.Z.’s ’’ determined by the cone function 
and by the rod function are obtained at the fovea and at about 30° peri- 
phery respectively, and the former is shorter than the latter. 


We wish to thank Prof. K. Motokawa for his advice and helpfulness. 
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